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5.0 FATE AND TRANSPORT 

Fate and transport assessments evaluate what is known regarding the presence of constituents 

in the environment based on inherent characteristics of constituents and the environmental media 

in which they reside. Specifically, fate and transport assessment seeks to evaluate a constituent's 

ability to become mobile or change in the environment. To accomplish this, the chemical and 

physical properties that govern the constituent's interaction within environmental media must be 

understood. From a macroscopic viewpoint, the characteristics of the site - topography, 

climate, geography, and geology - play a role in erosional transport processes. From a 

microscopic viewpoint, the characteristics of site soil, sediment, and water, as well as the 

constituent's chemical and physical properties, play roles in evaluating the processes of 

advection, diffusion, and dispersion which move a constituent between media or place to place 

within a medium. The fate and transport discussion will help to identify potential receptors 

resulting from constituent movement in the environment. 

Evaluation of Zone H with regard to the above characteristics identified four potential routes of 

constituent migration: 

• Air emissions resulting from VOCs released from surface soil. 

The leaching of constituents from soil to groundwater. 

Surface soil erosion and runoff of constituents into adjacent depositional zones. 

The migration of constituents from shallow groundwater into surface water bodies. 

As mentioned above, the significant processes of constituent migration include erosion, 

advection, diffusion, and dispersion and are defined as follows: 
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Erosion 

In the context of surface and subsurface contaminant transport, erosion is the process by which 

particles are suspended by the physical action of water and are subsequently moved in this 

manner. Compounds sorbed to particulate material move along with the that material. 

Advection 

Advection is the process by which dissolved substances migrate with flowing groundwater. 

Hydraulic conductivity, effective porosity, average linear velocity, and hydraulic gradient are 

variables which determine the chemical's rate of movement by the advective transport process. 

This characteristic is significant for compounds associated with groundwater. 

Diffusion 

Diffusion is the process by which solutes are transported from a region of high concentration 

to a region of low concentration. In very frne sediments with very slow hydraulic conductivities, 

diffusive transport may be the dominant mode of migration. 

Dispersion 

Dispersion is the hydrodynamic process by which solutes are mixed with uncontaminated water, 

diluted, and transported preferentially due to the heterogeneous properties of the aquifer. 
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5.1 Properties Affecting Fate and Transport 

Numerous chemical and physical properties of both the constituent and the surrounding media 

are used to evaluate fate and transport mechanisms. 

5.1.1 Chemical and Physical Properties Affecting Fate and Transport 

Chemical and physical properties used to evaluate fate and transport include vapor pressure, 

density, solubility, half-life, Henry's law constant, octonallwater partitioning coefficient, organic 

carbon/water partitioning coefficient, and molecular weight. Table 5.1.1 provides an overview 

of chemical property behavior based on these properties. 

Table 5.2.1 contains chemical and physical property data for each compound detected in the 

Zone H samples. SWMU- or AOC-specific fate and transport, migration pathways, and 

potential receptors are discussed in Sections 5.3 through 5.19, 

Compounds with similar chemical and physical properties also display similar fate and transport 

mechanisms. This facilitates the general grouping of con taminants based on chemical and 

physical properties into the following categories: VOCs, SVOCs, pesticidesIPCBs, chlorinated 

herbicides, chlorinated dibenzodioxins/dibe~uo~,  and inorganics. 

VOCs 

The chemical and physical properties with the greatest influence on the fate and transport of 

VOCs are solubility, Henry's law constant, and vapor pressure. Typical fate and transport 

characteristics of VOCs are: 

They can leach from soil into groundwater. 

They tend to be highly mobile in both soil and groundwater. 

They tend to volatilize from both soil and groundwater. 

They tend to dissipate relatively quickly. 
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VOCs have low molecular weights, moderate densities and Henry's law constants, varying 

octanol/water partioning coefficients and organic carbonlwater partioning coefficients, and high 

solubilities and vapor pressures. Overall, VOCs are expecied to be moderately to highly mobile 

in the environment and to be relatively quick in attenuating from soil and groundwater. 

SVOCs 

The chemical and physical properties with the greatest influence on the fate and transport of 

SVOCs are solubility, vapor pressure, octanoY water partitioning coefficient, and organic 

carbonlwater partioning coefficient. Typical fate and transport characteristics of SVOCs are: 

They tend to sorb to soil particles. 

They tend to be immobile in the environment. 

• They movement tends to occur more often by colloidal suspension than by diffusion (i.e., 

greater mobility occurs when coupled with "carrier" compounds). 

SVOCs have high molecular weights, wide ranging vapor pressures, solubilities, and Henry's 

law constants, moderate to high densities, and generally high octanollwater partioning 

coefficients and organic carbodwater partitioning coefficients. Overall, SVOCs are expected 

to be relatively immobile in soil and diffuse only slightly to groundwater. The most notable 

exception to the anticipated immobility of SVOCs in the environment is phenols, and substituted 

phenols, which have higher solubilities. 

PesticidesIPCBs 

The chemical and physical properties with the greatest influence on the fate and transport of 

pesticides/PCBs are solubility, Henry's law constant, octanolfwaier partioning coefficient, and 

organic carbonlwater partioning coefficient. Typical fate and transport characteristics of 

pesticides/PCBs are: 
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I They tend to sorb to soil particles. 

They tend to be hydrophobic (avoid water). 

a They tend to be immobile in the environment. 

They tend to degrade relatively slowly. 

PesticidesfPCBs have moderate molecular weights; generally high densities, octanolfwater 

partioning coefficients, and organic carbodwater partioning coefficients, and generally low 

solubilities, vapor pressures, and Henry's law constants. Overail, pesticides1PCBs are 

anticipated to be immobile and persistent in the environment, not readily diffusing into 

groundwater. 

Chlorinated Herbicides 

The chemical property with the greatest influence on the fate and transport of chlorinated 

herbicides is solubility. Typical fate and transport characteristics of chlorinated herbicides are: 

They can leach from to soil particles to groundwater. 

They tend to be mobile in both soil and groundwater. 

They tend to degrade relatively slowly. 

Chlorinated herbicides have low Henry's law constants and vapor pressures, and moderate 

molecular weights, octanollwater partitioning coefficients, organic carbodwater partioning 

coefficients, and solubilities. Overall, chlorinated herbicides are expected to be moderately 

mobile in groundwater with some retention in soil. 

Chlorinated Dibenzodioxins/Dibenzofwans 

The chemical and physical properties with the greatest influence on the fate and transport of 

chlorinated dibemodioxinsldibemofurans are solubility, Henry's law constant, octanolfwater 
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partioning coefficient, and organic carbodwater partioning coefficient. Typical fate and 

transport characteristics of chlorinated dibenzodioxins/dibe~lzofurafls are: 

They tend to sorb to soil particles. 

They tend to be hydrophobic (avoid water). 

They tend to be immobile in the environment. 

They tend to degrade relatively slowly. 

Chlorinated dibemodioxinsldibemofurans exhibit limited mobility in most environmental 

settings, have a strong affinity for soil particles and organic matter, and are not expected to 

leach to groundwater. 

Inorganics 

The chemical property with the greatest influence on the fate and transport of inorganics is 

solubility. Typical fate and transport characteristics of inorganics are: 

They tend to sorb to soil particles. 
They are not degradable. 

They tend to have moderate to low mobility; however, in acidic environments (pH< S), 

inorganics can become mobile. 

Properties of the surrounding environmental media tend to dictate the solubility of inorganics. 

Overall, inorganics are anticipated to be immobile and to remain sorbed to soil particles, not 

readily diffusing into groundwater. 
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5.1.2 Media Properties Aff- Fate and Transport 

The properties of environmental media used to evaluate fate and transport are TOC, soil sorptive 

capacity, cation exchange capacity, redox conditions, pH, soil type, and retardation rate. The 

following is a brief discussion of these properties. 

Total Organic Carbon (f,J 

The m e m e  of the TOC in soil indicates its adsorptive capabilities. The higher the f,, the 

higher the potential for a chemical to sorb to soil particles. 

Normalized Partition CoefFcient (Kb 
K, is used to predict the capacity for a constituent to partition between soil and water. To 

estimate &, the constituent's organic carbodwater partioning coefficient &,J is adjusted by the 

soil's organic carbon content (fd. Higher &s indicate a higher potential to sorb organic 

compounds. 

Cation Exchange Capacity 

Cation exchange capacity (CEC) reflects the soil's capacity to adsorb ions by neutralizing an 

ionic deficiency on its surface. Generally, trivalent ions are preferentially adsorbed to soil over 

divalent ions, and divalent ions are preferentially adsorbed over monovalent ions. Although this 

is generally the case, the process also depends on soil pH. Soil with high CEC vaIues has the 

potentid to adsorb inorganic ions, although organic compounds with dipole moments also are 

affected by CEC. 

Redox Conditions 

Redox is the process which includes oxidation (the loss of electrons), and reduction (the gain of 

electrons). The resulting change in oxidation state generates products that are different from the 

reactants in their solubilities, toxicities, reactivities, and mobilities. Primarily, redox reactions 
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influence the mobility of inorganic chemicals. Extreme redox conditions tend to mobilize 

chemicals, especially inorganics. 

pH 
pH is a logarithmic measure of hydrogen ions in the soil or groundwater, indicating the 

medium's acidity or basicity. Chemicals react significantly different under changing pHs. Low 

pH conditions tend to mobilize chemicals, especially horganics, while high pH condition may 

lead to the formation of immobile metal hydroxides. 

soil Type 

The mineralogical composition, particle size distribution, and organic content of soil influence 

the fate and transport of chemicals. Soil type dictates hydraulic conductivity, effective porosity, 

average linear velkity, and hydraulic gradient which, in turn, affect groundwatsr flow. 

Retardation Factor (R) 

The retardation factor is used to evaluate the ability for soil or groundwater to inhibit the 

movement of a chemical by preferentially binding to contaminants with high organic 

carbodwater partitioning coefficients. 

Table 5.1.2 summarizes physical parameter data for soil samples coilected from areas where 

impacts were apparent based on the first two phases of sampling. These samples were collected 

to provide data to assess fate and transport and possible treatment alternatives for these affected 

areas. Table 5.1.3 summarizes pertinent fate and transport data resulting from Shelby tube 

analysis performed on samples collected during monitoring well installation activities. 

Appendices F, I and M contain a complete set of analytical data used to prepare these tables. 

The summary tables are provided as a general overview of soil physical characteristics in 

Zone H. In instances where detailed fate and transport assessment was necessary, site-specific 

information was considered. 
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The average porosity of the upper sand interval in Zone H, as determined through Shelby tube 

analysis, was 37%. Hydraulic conductivity, as determined by shallow well slug test data 

analysis (Table 3.3), is 1.05 feethy. The average groundwater level gradient was 0.003205. 

Given the sum of values above, the average horizontal groundwater velocity for the upper sand 

interval in Zone H is 0.0091 feetfday or 3.32 feetlyear. Table 5.1.4 lists the approximate travel 

time for groundwater flow from each AOC or SWMU to the Cooper River or Shipyard Creek, 

depending on direction of groundwater flow, local groundwater gradient, and hydraulic 

conductivities. Groundwater flow direction within Zone H in the upper sand interval (see 

Section 3.5, Figure 3 -6) is generally from the center of the southern portion of the base toward 

the south/southwest to Shipyard Creek and toward the north/northeast to the Cooper River. 

Groundwater levels in Zone H are typically within 6 feet of the surface. 

The average CEC for Zone H is 23 milIiequivalents per liter (meq1L). The upper interval 

average is 17 meq/L and the lower interval average is 28 meq1L. CEC ranged from 3.9 to 

57 meq/L for both intervals. The average value for pH in Zone H physical parameter samples 

was 7.87. Upper intervai pH average was 8.09 and the lower interval was 7.60. The total 

range of pH values for soil physical parameter samples collected in Zone H was 7.21-8.56. 

These soil conditions indicate limited mobility for inorganics advection, diffusion, and 

dispersion. 

The average TOC concentration for Zone H samples was 21,160 mglkg. The upper interval 

averaged 18,600 mg/kg and the lower interval averaged 24,288 mgfkg. These data reflect the 

related trend in grain size distribution where clay content was 17% in the upper interval 

(TOC - 18,600 mglkg) and 26% in the lower interval (TOC - 24,288 mglkg). TOC 

measurements indicate an organic content which will inhibit the movement of contaminants, 

particularly those with high K, values, due to increased soil adsorption. 
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Table 5.1.1 
Chemical and Physical Properties 

Chemical Property Critical Value 

Density* (D) 0.75 to 1.25 glcm3 Sinks/falls Floatslrises 

SaW'litsp(s0) O b l O O m i l l m i l l ~  Leachtjtrwtmif, A W h s  to soil, 
per titer W&t mobile k water; immobile in water; 

d o c s n o t r e a d i m ~  vtdatilizesfromwatcr 
from wucr 

Henry's law constant 5xlW to 5xlW High volatilization from Low volatilization from 
(HL) atm-m3lmole water water 

Half-life fT,n) biologically Dobs W degmk nadily Degrades readily 
d- 

Log OctonallWater 10 to 10,000 Remains in soil Moves and diffuses in 
Partitioning Coefficients L J L  water 
(I&) 

Organic Carbowater 10 to 10,000 &mninsinsoif Mavw and diffuses in 
Partionhg Coeficientr kg&,- wats 
w 
Molecular Weight (MW) 400 glmole Parts of the above may All of the above hoId uue 

hold true; more detailed 
evaluation necessarv 

Note: 
I = Determinations for the Critical Ranges were based on literature review and professional judgment. 
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Table 5.13 
ZoneH 

Physical Pornmeter Data hrn Shelby Tube Samples 

Sample Location Sample Depth YLpUpL USCSI Porosity Hydraulic Conductivity 
(Monitoring Well ID) (feet bm) Clnssitjcatbn~ (%) (cm/sec) - 

N B a m  5% MH 62.1 4.927xi&7 

NBCHGDHMD 45c MH 52.4 1.159~10.4 

NBCH017004 lob SMSP 31.9 1.9~10-3 

NBCH662002 lob SMSP 34.6 2.4~10-3 

Upper Sand 37 1.2~163 
Totals 

f 2xlW 

Notes: 
a MH Inorganic silt, fine, sandy or silty soil. 
CH Inorganic clay of high plasticity, fat clay. 
CL Inorganic clay of low to medium plasticity. gravelly clay, sandy clay. silty clay, lean clay. 
SC Clayey sand, sandclay mixtures. 
OH Organic clay of medium to high plasticity, organic silts. 
SM Silty sand. sand-silt mixtures. 
SP Poorly graded sand, gravelly sand. little or no fines. 

b Upper Sand Interval 
Ashley Formation 

d Marsh Clay 
Unified Soil Classification System 
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5.2 Fate and Transport Approach for Zone H 

Fate and transport discussion for each SWMU/AOC begins by describing site characteristics that 

have the potential to promote or inhibit constituent migration. As presented in Section 5, four 

potential routes of constituent migration have been identified for Zone H. Each SWMU and 

AOC was evaluated as to site conditions that affect these migration pathways. In some cases, 

it is logical to evaluate fate and transport for a combination of SWMUs/AOCs based on their 

proximity. 

An individual constituent's ability to migrate is evaluated based on four cross-media transfer 

mechanisms: soil to groundwater, groundwater to surface water, surface soil to air, and/or 

surface soil to sediment. Cases have been made for each of these transfer mechanisms based 

on empirical data available for each environmental medium sampled. For example, if a 

constituent is found in soil as well as in groundwater, it is reasonable to conclude that surface 

soil constituents may be leaching to the groundwater. The chemical and physical properties of 

the constituent and the media were evaluated, where necessary, in support of such conclusions. 

Table 5.2.1 presents the constituent specific chemical and physical properties and risk-based 

screening concentrations or grid-based background UTLs used to evaluate fate and transport for 

Zone H. 

The following discussions describe the mehods used to evaluate the potential migration of 

constituents identified at each SWMU/AOC. In some cases, specific migration pathways do not 

exist for a site. When a particular pathway was not identified for a site, no screening or formal 

assessment was performed. Fate and transport were not evaluated for essential nutrients 

(calcium, iron, magnesium, potassium, and sodium) or chlorides, which are found in abundance 

in shallow coastal/estuarine aquifers. 
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5.2.1 Soil-to-Groundwater Cross-Media Transport 

To evaluate the potential for soiI to groundwater migration of constituents, a phased screening 

approach was used to focus on chemicals with the greatest potential for impacting the shallow 

water-bearing zone. The screening process may be summ- as follows: 

Qualitative - The CPSS lists (excluding essential nutrients and chloride) for soil (all 

depths) and shallow groundwater were compared to determine which chemicals were 

present in both media. 

Due to the nature and age of most SWMU/AOC operations, it was assumed that any impacts 

associated with compounds with the potential to migrate from soil would be currently manifested 

in the shallow aquifer. This assumption is also appropriate in light of the thin, relatively 

permeable soil layer across Zone H. In addition, the number and placement of monitoring wells 

in the vicinity of SWMUsIAOCs in Zone H was considered adequate to detect the presence of 

groundwater c o n ~ t i o n .  As a result, the qualitative comparison was used to identify those 

chemicals with reported concentrations in both media. 

Quantitative - Maximum soil results for each SWMUIAOC (or group thereof) were 

compared to the greater of (1) the leachability-based soil to groundwater screening levels, 

assuming a dilution attenuation factor of 10, as presented in the USEPA Region I11 Risk- 

Based Concentration (RBC) Table, March 1995 (or USEPA Soil Screening Guidance 

assuming a dilution/attenuation factor of lo), or (2) grid-based background UTL 

concentrations for soil in Zone H. Maximum groundwater analytical results for each 

SWMUIAOC (or group thereof) were compared to the greater of the tap water RBCs or 

grid-based background UTLs for the shallow aquifer in Zone H. 

The purpose of the quantitative assessment was to develop a comprehensive list of chemicals 

under consideration for formal fate and transport evaluation. To that end, a Tier I approach, 
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using generic soil screening levels (SSLs), was employed as a conservative screening tool. 

Default soil characteristics used to estimate generic SSLs are similar to the soil characteristics 

found in Zone H. Two parameters that would see significant adjustment based on site-specific 

analysis is the dilution atienuation factor (DAF) and the fraction organic carbon. The estimated 

SSL increases with higher fraction organic carbon and DAF. The default soil fraction organic 

carbon is 0.2% versus close to 2% reported for Zone H soil on average. The default DAF (10) 

assumes an evenly containbated 30 acre source that extends downward through the unsaturated 

zone. Many of the areas of contamination identified at Zone H are significantly less than 

30-acres (most are less than $5 acre) and do not extend far into the subsurface. Sources that are 

less than 30-acres with a significant portion of uncontaminated unsaturated zone would justify 

higher DAFs. Chemicals identified during quantitative Tier I screening were carried to the 

detailed assessment which employs site-specific Tier 2 and 3 analyses. It was assumed that if 

soil concentrations do not exceed leachability-based screening Ievels or background, no 

significant migration potential exists. In addition, if current groundwater concentrations do not 

exceed risk-based screening values, the conclusion was made that current soil/groundwater 

conditions are sufficiently protective of human health relative to potential groundwater exposure 

pathways. 

Detailed Assessment - After completing the qualitative and quantitative screening 

processes, detailed analyses were performed to delineate the areal extent of soil impacts 

potentially affecting groundwater. 

The outcome of the detailed assessment was used to determine the significance of soil impacts 

relative to the shallow aquifer. In some instances, isolated areas of soil contamination above 

leachability-based levels may have the potential for localized shallow groundwater impacts but 

not be of a magnitude which would pose a long-term or widespread threat to the aquifer. The 

detailed assessment was used to identify these cases, as well as to draw conclusions as to what 
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areas of soil contamination may require supplemental investigation and/or modeling applications 

during the CMS as part of the remedial alternatives development process. 

5.2.2 Soil-to-Air Cross-Media Transport 

To evaluate the potential for soil to air migration of volatile con taminants, a screening approach 

was used to focus on chemicals that have the greatest potential to volatilize in sufficient 

quantities to create a human health threat in ambient air. The screening process may be 

summarized as follows: 

Quantitative - The maximum concentrations of volatile CPSSs detected in surface soil 

at each SWMUiAOC were compared to soil-to-air screening levels as presented in the 

USEPA Region IIl RBC Table, March 1995. 

No qualitative screening was performed because ambient air monitoring was not an integral part 

of the RFIs for each site. The Focused Field Investigation (FFI) involved collecting numerous 

samples from building interiors and subslab voids in Zone H. As part of the FFI BRA, 

correlative evaluations were performed between air sampling results and data produced during 

the RFI. 

The quantitative assessment's purpose was to further refine the list of chemicals being considered 

for formal fate and transport evaluation. It was assumed that if soil concentrations do not exceed 

soil-to-air volatilization screening levels, no significant migration potential exists and current soil 

conditions are protective of human health relative to potential inhalation exposure pathways. 

Detailed Assessment - After completing the quantitative screening process, detailed 

analyses were performed to delineate the areal extent of surface soil impacts potentially 

affecting ambient air. 
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The outcome of the detailed assessments was used to determine the significance of soil impacts 

relative to ambient air. In some instances, isolated areas of soil contamination above soil-to-air 

volatilization-based levels may have the potential for localized ambient air impacts but not be 

of a magnitude to pose a long-term or widespread threat through inhalation pathways. The 

detailed assessment was used to identify these cases as well as to make conclusions as to what 

areas of soil contamination may require supplemental investigation andfor modeling applications 

during the CMS as part of the remedial alternatives development process. 

5.2.3 Groundwater-twsurface Water Cross-Media Transport 

The principal focus of this evaluation was determining whether constituents identified in 

groundwater have the potential to extend their impacts or discharge to surface water. The 

screening process may be summarized as follows: 

Qualitative - The CPSS list for shallow groundwater was examined to identify the 

following: all constituents detected in both groundwater and surface water; and all 

constituents detected in groundwater that, if groundwater transfer to surface water should 

prove significant, may have an impact on human or ecological receptors. 

Many SWMUsIAOCs investigated at NAVBASE have no surface water onsite or nearby. As 

a result, qualitative comparisons of shallow groundwater and surface water data are supported 

for only a few SWMUsIAOCs. Potential impact on ecological receptors was qualitatively 

evaluated for sites with no surface water by identifying contaminants detected in shallow 

groundwater that also appear on USEPA's list of Water Quality Criteria (WQC) protective of 

aquatic organisms. 

Quantitative - Chemicals present in groundwater andlor surface water were compared 

to appropriate screening values. For human health evaluation, maximum shallow 

groundwater results for each SWMUIAOC (or group thereof) were compared to the 
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greater of (1) the tap water risked-based screening levels presented in the USEPA 

Region III RBC Table, March 1995, and (2) grid-based background UTLs for the 

shallow aquifer in Zone H. Maximum surface water analytical results for each 

SWMUIAOC were compared to SCDHEC and/or USEPA Ambient Water Quality 

Criteria (AWQC) to address potential ecological concerns. 

The quantitative assessment was conducted to identify chemicals detected in groundwater with 

the potential to disperse within the aquifer, thereby increasing the areal extent of groundwater 

concentrations that exceed human health based standards, or impact surface water via 

groundwater migration and discharge. It was assumed that if groundwater concentrations do not 

exceed tap water risk-based screening levels, grid-based background UTLs or AWQC, no 

significant threat relative to migration potential exists. This assessment does not consider 

potential dilutionlattenuation factors affecting transport between the affected well and the surface 

water discharge point, or the dilution capacity of the receiving water body. Omitting these 

factors from the quantitative screening ensures that a conservative list of potential groundwater 

to surface water concerns is developed. 

Detailed Assessment - After completing the qualitative and quantitative screening 

processes, detailed analyses were performed to delineate the areal extent of groundwater 

and/or surface water impacts that may adversely affect human or ecological receptors. 

The outcome of the detailed assessments was usel to determine the signifcance of shallow 

groundwater and d a c e  water impacts. In addition, in areas where no surface water data were 

collected as part of the Zone H RFI, a preliminary determination regarding the potential for 

significant surface water impacts was made. These assessments were based on data collected 

from wells near d a c e  water bodies, and in some instances, incorporated conservative estimates 

of the dilutional influences of the receiving stream or water body, plus travel time analysis, 

which assists in predicting mass flux to the receiving stream. The results of the Zone J RFI will 
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be used to c o n f i i  or refute prelhhary conclusions. The detailed assessment was used to 

identify these cases as well as to render condusions regarding what areas of shallow 

groundwater and/or surface water contamination may require supplemental investigation and/or 

modeling applications during the CMS as part of the remedial alternatives development process. 

5.2.4 Surface Sod-to-Sediment Cross-Media Transport 

To evaluate the potential for surface soil-to-sediment erosional migration, a phased screening 

approach was used to identify chemicals with the potential to form contaminated sediments 

following surface soil erosion. The screening process may be s u m m a  as follows: 

• Qualitative - The CPSS lists (excluding essential nutrients and chloride) for surface soil 

and sediment were compared to determine which chemicals were present in both media. 

The most influential process by which sediments are formed involves the erosion of surface soil 

which eventually collects in depositional areas. Site topography was used to determine areas 

with erosional potential and expected depositional areas. Qualitative screening was used to 

identify constituents common to both media. Because erosional/depositional processes within 

Zone H are expected to be localized based on limited relief and soil conditions, screening 

focused on these localized units. Sediment results were compared to data for proximate surface 

soif representing the most likely point of sediment contaminant origination. 

Semiquantitative - For those constituents present in both media, the maximum 

concentration in surface soil was compared to the maximum concentration in related 

sediment. 

The purpose of the semiquantitative assessment was to provide additional evidence supporting 

this migration pathway. Any impacts to ecological receptors with regard to contaminated 

sediments have been addressed for Zone H in Section 7 or will be addressed in the Zone J RFI, 

depending on their specific location. 



Table 5.2.1 
Fate and Transport Properties and Screening Levels for 
Constituents Detected in Soil and Groundwater 
NAVBASE-Charleston, Zone H 

2.9E-02 9.OE-0 1 3.9E+00 2.00E-04 3.97E+01 NDA 220 UGR, c 
2.7E+02 7.9E-01 1 .OE+06 3.97E-05 3.70E-01 NDA 370 UGL a 
8.8E+01 7.9E-01 NDA 2.93E-05 4.80E-01 NDA 22 UGL a 
1 .OE+O2 8.OE-01 7.9E+04 I. lOE-04 7.40E-02 NDA 0.12 UGL 0.04 UGJKG n 
6.OE-06 1.7E+00 2.7E-02 2.67E-05 4.07E+02 NDA 0.004 UGL 

NA NA NA NA NDA 3700 uGL a 46180 MGKG d 
NDA NDA NDA NDA NDA NDA 

2.OE-04 1.3E+00 4.5E-02 6.50E-05 1.86E+04 NDA 1100 UG/L a 430000 UGKG a,b 
NA NA NA NA NDA 1.5 UGL a 

4.9E-04 1.4Ei-00 5.4E-02 3.50E-03 4.37E+05 0.03 0.0087 UGL 

7.7E-05 1.5E+00 5.OE-02 2.70E-03 4.31E+05 0.03 0.0087 ucn 
4.1E-05 1.6E+00 8.OE-02 7.10E-03 8.22E-W 0.03 0.0087 UGL 

NA NA NA 36 27.99 UGR d 35.52 MGKG d 
NDA NDA NDA NDA NDA NDA 

2.8E-07 1.9E+00 2.4E-01 2.308-07 2.48E+03 NDA 0.037 UGR 
2.5E-05 1.9E+00 1.6E+00 5.30E-06 I.82E+03 NDA 0.01 1 UG/L 

1.7E-05 1.9E+00 3.IE-01 2.50E-07 1.50E+03 NDA 0.052 ucn e 
6.7E-05 1.6E+00 7.5E+00 3.25E-06 1.21E+03 NDA 0.052 UCL 

NA NA NA NA NDA 323 UG/L d 43.8 MGKG d 
9.5E+OI 8.7E-01 I.8E+03 5.40E-03 5.0OE+01 NDA 
5.OE-04 1.3E+00 4.OE+02 3.88E-11 3.98E+01 NDA 0.00029 ucn 0.0011 UGKG 

1.OE-I0 NDA 2.6E-04 1.4OE-07 7.76E+06 NDA 150 u c n  f 98000 UGKG f 
5.6E-09 1.4E+00 3.9E-03 2.40E-06 1.778+06 NDA 0.0092 ucn 4000 UGKG 

l.OE+OO 1.3E+00 3.4E+03 7.02E-07 1.82E+02 NDA 15000 U G n  a 28000 UGKG a,b 
NA NA NA NA NA NDA 0.016 UG/L 180 MGKG 

1.6E+03 1.7E+00 1.3E+04 2.00E-01 8.32E+01 NDA 0.87 U G L  a 10 UGKG &b 
1.5E-03 1.4E+00 NDA 1.OOE-04 8.71E44 NDA 2 1 0 ~ ~ 1 ~  a 36600 UGKG 

7.8E+01 8. IE-01 2.7E+05 4.66E-05 1.23E+00 NDA 190 UGL a 570 UGKG n 
utylbenrylphthalate 8.6E-06 I .  lE+00 2.8E+00 1.30E-06 1.51 E 4 2  NDA 730 UGL a 6800 UGKG a b  

NA NA NA NA N A 9.3 1 . 8 u ~ n  a 6 MGKG h 
3.OE+02 I .3E+OO 2. I E+03 1.33E-02 2.95E+02 NDA 2.1 UGL a 1400 UGIKG &b 
1 .OE-05 1.6E+00 5.6E-02 4.80E-05 4.95E+04 0.004 0.052 ucn 2000 UGKG 

1 .OE-05 1.6E+OO 5.6E-02 4.80E-05 4.95E+04 NDA 0.052 UGIL 2000 UGJKG 

1 .OE+Ol 1.1 E+00 4.9E+02 3.93E-03 1.73E+02 NDA 3.9UGIL a 60 UGKG &b 
2.2E-06 NDA 1.3E+OI 7.24E-08 1.07E+03 NDA 0.25 UC;L 0.6 UGKG n 
I.OE+03 9.OE-01 5.7E.tO3 1 .DOE-02 3.47E+00 NDA 860 UGL a 3300 UGKG q b  

(2-Chloroethy l)ether 1.2EMO 1.2E+00 1 .OEt04 1.30E-05 1.41E.tOI NDA 0.0092 u G L  0.3 UGKG 
I.6E+02 1.5E+00 8.OE+03 3.23E-03 4.60E+01 NDA 0.15 UGL 300 UGKG 

3.8E+03 9.2E-01 7.3E43 8.82E-03 2.5 1E+01 NDA 1.4 UGL 6.6 UGKG 
-Chloro-3-methylphenol 5.OE-02 NDA 3.9E+03 1.78E-06 7.76Ei-02 NDA NDA NDA 

1.4Ei00 1.3E+00 2.8E+04 8.28E-06 3.63E+02 NDA 18 UG/L a 200 UGKG a,b 
NA NA NA N A NA 50 I8 u c n  a 85.65 MGKG d 
NA NA NA N A NA NDA 220 UGL a 14.88 MGKG d 
NA NA NA N A NA 2.9 140 UGIL a 3 1.62 MGKG d 

NA NA NA NA N A 1 75 UGL a NDA 
1.IE-02 1.4E+00 6.8Ec02 1.37E-10 1.58E+00 NDA 6.1 uG/L a 1700 UGKG h 

NDA NDA NDA NDA NDA NDA 29 uG/L a 1000 UGKG r 

1.OE-06 1.5E+00 2.OE-02 2.16E-05 4.37E+04 NDA 0.28 UGL 700 UGKG 

4.OE-02 2.34E-05 2.45E+05 NDA 
1.9E-07 1.6E+00 5.OE-03 4.89E-05 3.87E+05 0.001 0.2 UGIL 1000 UGKG 
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I .OE+00 1.3E+00 1 .OE+02 1.90E-03 1.82E+02 NDA 27 UG/L a 
6.OE-01 1.2E+00 7.9EMI 3.10E-03 5.1 1EM2 NDA 0.44 UGlL 1000 UGKG h 
2.3E+00 1.3E+00 1.2E+02 3.60E-03 1.70E+02 NDA 54 UG/L a 
6.4E+01 1.3E+00 8.7EW3 9.80E-04 1.41EaI NDA 
1.8E+02 1.2Et00 5.5Ei-03 5.45E-03 3.40E+01 NDA 81 UGL a 
3.OE+02 NDA 3.5E+03 5.00E-03 2.30E-02 NDA 5.5 UGIL a 
5.9E+02 1.2E+OO 2.3E+03 1.80E-02 6.50EMl NDA 0.044 uGn 
8.9E-02 1.4E+00 4.5E+03 6.66E-06 8.71E+02 NDA I I UG/L a 
1.8E-07 1.8E+00 2.OE-01 2.00E-05 1.34E94 0.0019 0.0042 UGL 

2.OE-03 l.lE+OO 9.OE+02 8.46E-07 6.92EM1 NDA 2900 UGn a 

9.8E-02 9.7E-01 6.2E+03 6.55E-06 1.1 8E+02 NDA 73 UGR a 
4-Dinitrotoluene 5.1E-03 1.4EM0 2.7E+02 8.676-07 6.17E+01 NDA 7.3UGL a 

1.4E-03 9.8E-01 3.0E+00 1.41E-12 9.77EM8 NDA 73 UGL a 1E+O8 UGKG ;gb 

ioxin (TCDD TEQ) NDA NDA NDA NDA 3.30E+06 NDA 0.5 PGL 280 PGiG s 
NDA NDA NDA NDA NDA NDA 

1.OE-05 1.7E+00 5.3E-01 1.01E-04 2.04E+03 0.0087 
I .OE-05 1.7E+00 2.8E-01 1.91E-05 2.34Et03 0.0087 

NDA NDA 1.2E-01 NDA 2.34E+03 NDA 
7.OE-07 1.7E+00 2.3E-01 5.00E-07 8.32E+03 0.0023 1 . 1 U G L  a 
2.OE-07 NDA 2.6E-01 3.86E-07 2.69E+04 NDA 1.1 UGL k 400 UGiKG k 
7. IE+00 8.7E-0 l 1.5E+02 6.60E-03 1.87E+02 NDA 130 UGL a 5000 UGIKG h 

4.8 UGL a 1 1000 UGKG a,b 
150 UGiL a 98000 UGKG ab 

7.OE-03 1.2E+00 1.7E+00 2.10E-04 5.01E+03 NDA 150 U G ~  a 16000 UGKG a,b 
3.OE-04 1.7E+00 1.8E-01 2.30E-03 2.69E+04 0.0036 0.0023 UGIL 

2.6E-06 NDA 3.5E-01 3.20E-05 2.098+04 0.0036 0.0012 UG!L 

exachlorobenzene I. I E-05 1.6E+00 6.OE-03 1.70E-03 3.89E+03 NDA 0.0066 U G L  800 UGKG h 
exachlorobutadiene 1.5E-0 1 1.6EM0 3.2E+00 1.03E-02 4.68E+03 NDA 

8.1E-02 1.7E+00 I.IE+OO I.60E-02 4.27EM3 NDA 0.015 UGL a 10000 UGKG h 
2.1E-01 NDA 5.OE+0i 2.80E-03 3.1OE-01 NDA 0.61 ucn a 

NDA NDA NDA NDA NDA NDA NDA 
3.OE-07 NDA 7.6E+00 2.50E-08 2.45E+03 NDA 0.0037 UG/L 

NA NA NA 15 UG!L o 
NA NA NA NA NDA 3 3 9 1 ~ ~ 1 ~  d 1412 MGKG d 
NA NA NA NA 0.025 ~ . I U G L  a 

1.4E-06 1.4E+00 4.OE-02 1.58E-05 7.94Ei-04 NDA 18 U G 5  a 62000 UGKG h 
9.6E-06 NDA 5.OEc01 I.OOE-07 6.34EMI NDA 0.91 U G L  a 

290 UGIL a 910 UGKG n 

NDA l.OE+OO 2.5E+01 NDA 8.5lE+03 NDA 150 UG!L 1 
2.4E-01 1 .OEM0 2.5E+04 1.23E-06 2.19E+01 NDA 180 UG/L a 
4.OE-02 I .OE+00 2.3E+04 7.92E-07 4.90E+01 NDA 18 UGL a 600 UGiKG m 
5.4E-02 I. l E+00 3.OE+OI 4.60E-04 7.92E+02 NDA 150 U G i t  a 3000 UGKG &b 

NA NA NA 73 UGIL a 33.38 MGKG d 
1.0E-04 1.5€+00 1.3E+04 3.00E-05 2.14E+02 NDA 230 UG!L a 1670 UGKG n 
4.OE-01 9.2E-01 9.9E+03 6.92E-06 1 .OZE+0I NDA 0.0096 UGL 

NDA NDA NDA NDA NDA NDA 
9.7E-06 NDA 6.5E4-00 5.65E-07 6.61E+02 NDA 22 UGiL a 
I .  1 E-04 2.OE+00 2.OEM1 2.10E-06 4.09E+02 
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NA NA NA NA NDA 18 U G L  a 
7.5E-07 1.4E+00 2.8E+02 8.68E-08 2.04E+02 NDA 37 uGiz a 260 UG,UG n 
5.2E-06 NDA 1.4E+02 1.3lE-07 2.57E+03 NDA 29 UGL a 1580 UGKG n 

1.6E+02 8.9E-01 NDA 9.63E-03 1.95EMO NDA NDA 
NA NA NA NA NDA 7.66 UGL d 
NA NA NA NA NDA 2200 u G L  a 

2.2E+01 8.7E-01 5.2E+02 6.70E-03 1.29EM2 NDA 75 UGIL a 5000 UGI'KG h 
3.3E-05 1.6E+00 7.4E-01 6.30E-02 1.5 1EM3 0.0002 0.061 UGL 

4.OE-01 1.5E+00 3.OE+01 2.32E-03 1.56E+03 NDA 19 UGL a 2000 UGjXG h 
1 .OEM2 1.3E+00 1.6E+03 1.62E-02 1.28E+02 WDA 130 UG/L a 900 UGKG h 
S.8E+01 1.5E+00 l.lE+03 9.10E-038.70EMl NDA 

richlorofluorornethane 6.9E+02 1.5E+OO 1.1E+03 1.IOE-01 1.59E+02 NDA 130 uGL a 1300 UGiKG a,b 
4,s-Trichlorophenol NDA 1.7E+00 NDA NDA NDA NDA 370 u G i z  a 12000 UGKG a,b 
,4,6-Trichlorophenol 1.7E-02 1.5E+00 8.OE+02 9.07E-08 1.07EM3 NDA 

3.IEMO 1.4E+00 1.8E+03 3.44E-04 7.24E+01 NDA 0.0015 U G L  0.006 UG/KG 

NA NA NA NA NDA 26 UGIL a 13 1.6 MGnCG d 
2.6E+03 9.1E-01 l.lE+O3 1.22EM0 1.IOEMI NDA 0.019UGL 
8.7E+00 8.8E-01 2.OE+02 7.10E-03 2.34E+02 NDA 1200 UGL a 74000 UGKG h 

NA NA NA N A NA 86 1100 UGL a 4200 MGKG 

- Ground water screening concentration which is the greater of  
1 .  Tap water risk-based concentration as presented in EPA Region III tables (113 1/95) 
2. Background upper tolerance limit for shallow groundwater; NAVBASE Charleston - Zone H 

**  - Soil screening concentration which is the greater of: 
I .  Soil screening levels which governs soil to water transfer as presented in EPA Region Ill risk-based concentration tables (113I195) 
2. Background upper tolerance limit for surface or subsurface soil; NAVBASE Charleston - Zone H 

(Risk based screening concentrations assume a target risk of 1E-06, a target hazard index of 0.1, and a dilution attenuation factor of 10) 
! - Salt Water Chronic Water Quality Criteria as provided in EPA (1993) Quality Criteria for Water 
N A  - Not applicable 
NDA - No data available 
a - based on target hazard index of 0.1 
b - target soil leachate concentration based on the tap water RBC 
c - acenaphtene used as a surrogate 
d - background upper tolerance limit 
e - gamma-BHC used as a surrogate 
f - fluoranlhene used as a surrogate 
g - 1.2-dichlorobenzene used as a surrogate 
h - target leachate soil concentration based on a MCL 
i - value for trans - 1.2-dichloroethene 
j - endosulfan used as a surrogate 
k - endrin used as a surrogate 
1- naphthalene used as a surrogate 
m - 2-methylphenol used as a surrogate 
n - Calculated using Soil Screening Guidance (EPA 12/94) using contaminant specific values 
o - Treatment technique action level for water 
p - based on the MCL for total trihalomethanes of 0.08 mg/L 
q - benzo(a)anthracene used as a surrogate 
r - estimated to be greater than I000 ugkg based on structural similarities to 2,4-D 
s - Dioxin (TCDD TEQ) soil screening value based on the tap water RBC and site specif c soil parameters 
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5.3 SWMU 9 (Includes SWMUs 19, 20, and 121, and AOCs 649, 650, 651, and 654) 

SWMU 9 is a closed landfill at the southeast end of NAVBASE. Shipyard Creek forms the 

southwest boundary of SWMU 9 and submerges a portion of the site during high tide. The 

former landfill portion of SWMU 9 is open with few paved or capped areas to prevent rainwater 

infiltration. The landfill cap, where present, is typically sand with a low percentage of clay. 

Vegetation covers most of the SWMU 9 area except SWMUs 19 and 20, and the public works 

corral area. Environmental media sampled as part of SWMU 9 include shallow and deep 

groundwater, sediment, and surface water. 

SWMUs 19, 20, and 121, and AOCs 649, 650, 651, and 654 are in the SWMU 9 boundary. 

SWMU 19 is a flat, fenced, nonvegetated area that serves as temporary storage for solid waste 

before transport offsite. SWMU 20, previously a waste disposallstorage area, has minimal 

vegetative cover with evidence of buried debris apparent. SWMU 121 comprises Building 801 

(used to collect, sort, and store recyclable material) and an SAA. AOCs 649, 650, aod 651, 

formerly storage areas for ship repair, painting, and sandblasting supplies, are situated in an 

open, grassy, low-lying area. AOC 654, formerly a septic tank and leach field for Building 661, 

is located in the southeast corner of SWMU 9. Surface and subsurface soil were sampled in 

these SWMUsIAOCs except for AOC 651. The evaluation of constituent transfer from soil to 

groundwater was based on a comparison of the soil data from these SWMUsIAOCs and the 

shallow groundwater data from overall SWMU 9. 

Potential migration pathways for SWMU 9 include constituents leaching from soil to 

groundwater, groundwater constituents migrating to surface water, emission of volatile 

constituents from surface soil to air, and surface soil erosion of sorbed constituents, forming 

sediments. The 2- to 3-foot cover of primarily sandy dredge spoil material and a relatively 

uniform vegetative cover should prevent direct contact with soil constituents and should also 

limit the significance of the surface water erosional transport mechanism. In areas where the 

cover material has been removed or was never emplaced, the likelihood of constituent movement 
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by the erosional mechanism increases. Based on local surface topography and associated surface 

water drainage patterns, the most likely receptors for constituents originating in the SWMU 9 

area are Shipyard Creek and its associated wetlands. 

5.3.1 SWMU 9 - Soil-to-Groundwater Cross-Media Transport 

Table 5.3.1 compares the maximum detected concentration of constituents in soil for 

SWMUs 19, 20, and 121 and AOCs 649, 650 and 654 to the greater of the risk-based soil 

screening level considered protective of groundwater or background UTL. Additional notations 

are made for those contamhants detected in shallow groundwater and those which exceeded the 

tap water RBCs. Nine constituents are highlighted as posing a potential soil to groundwater 

migration concern as determined by soil concentrations in excess of groundwater protection SSLs 

or background UTLs and groundwater concentrations above the tap water RBCs. These include 

four VOCs (benzene, chlorobenzene, methylene chloride, and trichloroethene) , and five 

inorganic chemicals (barium, chromium, copper, lead, and vanadium). Generally, VOCs have 

a low affinity for soil particles and high water solubilities, which facilitates their movement to 

groundwater through the advective and dispersive transport mechanisms. Based on the physical 

and chemical parameters of the soil surrounding SWMU 9, the high amount of dissolved salts 

in the groundwater, and the neutral to high pH, inorganics will tend to precipitate and sorb to 

soil particles rather than dissolve and travel in groundwater. 

SWMU 19 constituents that exhibit the potential for soil-to-groundwater transport, based on 

comparison of soil concentrations to the groundwater protection soil screening criteria or 

background UTLs, are inorganics (barium, cobalt, copper, lead, and nickel), VOCs (benzene, 

chlorobenzene , 1, ldichloroethene , and trichloroetheae) , and SVOCs (benzo(a)antbracene and 

chrysene). Monitoring wells NBCH009009 (upgradient), NBCH009003 (onsite), and 

NBCH009013 (downgradient) are located in the vicinity of SWMU 19. Benzene and lead 

exceeded the tap water FU3C and treatment technique AL, respectively, in monitoring well 

NBCH00909. Barium and benzene were detected in monitoring well NBCH009003 above the 
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background UTL and tap water RBC, respectively. Benzene and chlorobenzene were detected 

in monitoring well NBCH009013 above the tap water RBC. These fmdings indicate that 

soil-to-groundwater migration of barium, benzene and chlorobellzene from SWMU 19 may be 

impacting the shallow aquifer. Benzo(a)anthracene, chry sene, and 1,l -dichloroethene were 

detected in SWMU 19 soil at concentrations above the groundwater protection soil screening 

level in isolated areas of SWMU 19. Presently, these constituents have not been detected in the 

shallow groundwater of SWMU 9. Although the conservative screening process has indicated 

the potential for isolated soil to groundwater migration of benzo(a)anthracene, chrysene, and 

1, ldichloroethene, widespread impacts to the shallow aquifer are not expected. Nickel was not 

detected in SWMU 9 groundwater, while copper was detected in one SWMU 9 monitoring well 

(NBCH00906) which is located across Shipyard Creek from SWMU 19. Based on the limited 

impacts to the shallow aquifer and the tendency for inorganics to sorb to the soil matrix, 

SWMU 19 soil copper and nickel concentrations are not expected to adversely impact the 

shallow aquifer. 

Benzo(a)anthracene was detected above the groundwater protection soil screening level in om 

SWMU 20 soil sample. Presently, benzo(a)anthracene has not been detected in the shallow 

groundwater of SWMU 9. Although the conservative screening process has indicated the 

potential for isolated soil to groundwater migration of benzo(a)anthracene, widespread impacts 

to the shallow aquifer are not expected. 

SWMU 121 constituents which exhibit the potential for soil-to-groundwater transfer, based on 

comparison of concentrations in soil to groundwater protection soil screening criteria or 

background UTLs include acry lonitrile, barium, benzo(a)anthracene, chromium, chrysene, 

cobalt, copper, lead, mercury, nickel, selenium, thallium, vanadium and zinc. Monitoring well 

NBCH009001, positioned downgradient of SWMU 121, exhibited lead and vanadium 

concentrations of 17.4 pg/L and 101 yg/L, respectively, which are above the treatment technique 

AL for lead (15 pg/L) and the tap water RBC for vanadium (26 pg/L). Barium and copper were 
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also detected in the downgradient monitoring well at concentrations below the tap water RBCs. 

These fmdings indicate that SWMU 121 soil concentrations of barium, copper, lead and 

vanadium may be impacting the shallow aquifer. Chromium, cobalt, mercury, selenium, 

Wlium, vanadium, and zinc were detected above their background UTLs or groundwater 

protection SSLs infrequently in SWMU 121 surface soil and were not detected in the 

downgradient monitoring well. Of these inorganic constituents, only cobalt exceeded its 

background WTL in SWMU 121 subsurface soil. SWMU 121 soil concentrations of chromium, 

mercury, selenium, thallium, vanadium, and zinc are not expected to impact the shallow aquifer. 

Current groundwater results indicate that cobalt is not a soil-to-groundwater migration concern; 

however, quarterly groundwater sample results should be reviewed to confirm or refute this 

conclusion. Acryfonitrile, benzo(a)anthracene, and chrysene were detected in SWMU 121 

surface soil at concentrations above the groundwater protection soil screening level. 

Concentrations of these constituents do not exceed the SSLs in the subsurface soil and have not 

been detected in the downgradient monitoring well, indicating that their soil concentrations are 

protective of the shallow aquifer. 

AOCs 649 and 650 contaminants with the potential to transfer from soil to groundwater, based 

on comparison of concentrations in soiI and shallow groundwater to the groundwater protection 

soil screening criteria or background UTLs, include acrylonitrile, barium, benzo(a)anthracene, 

chrysene, copper, lead, mercury, and nickel. Monitoring wells near AOCs 649 and 650 

(NBCH009002 and NBCH009009) exhibited barium and lead impacts. Barium was detected in 

monitoring well NBCH009010 at 383 pglL, above the background UTL of 323 pgJL. Lead was 

detected in monitoring well NBCH009009 at 52.6 pglL, exceeding the USEPA treatment 

technique AL of 15 pg/L. These frndings indicate that at AOC 649 and/or 650, soil 

concentrations of barium and lead may be impacting the shallow aquifer. Mercury and nickel 

were detected above groundwater SSLs or background UTl,s infrequently in AOCs 649 and 650 

surface soil, and copper exceeded the background UTL in 10 of 19 surface soil samples. 

Copper, mercury, and nickel did not exceed the groundwater protection SSLs or background 
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UTLs in AOCs 649 and 650 subsurface soil and were not detected in nearby monitoring wells. 

These frndings suggest that AOC soil concentrations of copper, mercury, and nickel are 

protective of the shallow aquifer. Acrylonitrile, bem(a)anthracene, and chrysene were detected 

above the groundwater protection SSL in AOC 649 and 650 surface soil. These organics were 

not detected in either the subsurface soil at AOCs 649 and 650 or in overall SWMU 9 

groundwater. This indicates that while conservative screening shows a potential for isolated soil 

to groundwater migration for acrylonitrile, benzo(a)anthracene, and chrysene, widespread 

impacts to the shallow aquifer from AOCs 649 and 650 are not expected. 

AOC 654 constituents with the potential for soil-to-groundwater transfer, based on comparison 

of concentrations in soil to the groundwater protection soil screening criteria or background 

UTLs, include acetone, copper, and methylene chloride. All three were detected above their 

groundwater protection SSLs or background UTLs infrequently in AOC 654 soil. Samples from 

monitoring wells near AOC 654 (NBCH009004 and NBCH009008) contained none of these 

constituents. This suggests that AOC 654 soil concentrations are protective of the shallow 

aquifer. 

5.3.2 SWMU 9 - Groundwater-to-Surface Water Cross-Media Transport 

Table 5.3.2 summarizes the groundwater-to-surface water transfer qualitative screening process. 

No organic compounds were detected in surface water samples collected at SWMU 9. Surface 

water contained a number of inorganic chemicals which were detected in shallow groundwater. 

Of the chemicals detected in both groundwater and surface water, chromium, copper, and lead 

exceed the saltwater chronic WQC. Chromium was detected in SWMU 9 surface water at 

concentrations of 221, 200, and 194 pg/L, which exceed the WQC of SO pg/L at locations . 

009W001, 009W004 and 009WOZ2. Copper was detected in SWMU 9 surface water at 

concentrations of 40.7 and 50.8 pg/L, which exceed the WQC of 2.9 pg/L at locations 009W001 

and 009W004. Lead was detected in SWMU 9 surface water at a concentration of 73 pglL, 

which exceeds the WQC of 8.5 pglL at location 009W004. The qualitative screening process 
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also identified nine additional conhmhmts (cadmium, 4,4'-DDT, endosulfan I, mercury, 

pentachlorophenol, selenium, silver, and zinc) detected in groundwater only which have 

published WQC protective of aquatic life. Current surface water data indicate that groundwater 

concentrations of these compounds have not impacted surface water habitats associated with 

SWMU 9. 

Quantitative screening identified nine VOCs (benzene, carbon disulfide, chlorobenzene, 

1,2dichloroethane, l,2-dichloroethene, ethylbenzene, methylene chloride, trichloroethene and 

vinyl chloride), 13 SVOCs (azobenzene, benzidiine, bis[2-chloroethyl]ethet, 1,4dicMorobenzene, 

2,4-dimethylphenol, bis [2-ethylhexyl]phthalate , hexachloroknzene, hexachlorobutadiene , 

hexachlorocyclopentadiene , hexachloroethane, Zmethylphenol , Cmethylphenol and 

pentachlorophenol) , chlorinated dibenzodioxinldibenzofurans , and nine inorganics (antimony, 

arsenic, barium, beryllium, chromium, copper, lead, selenium and vanadium) which were 

detected in groundwater above their tap water RBCs or background UTLs. 

Of the inorganics identified in the quantitative screening, barium is most widespread, exceeding 

the background UTL in 7 of 20 shallow monitoring wells in SWMU 9. The rest of these 

inorganics exceeded their tap water RBCs or background UTLs infrequently in SWMU 9 shallow 

groundwater. No identifiable inorganic "hot spot" is apparent in SWMU 9 shallow groundwater. 

Detections of chromium, copper and lead in SWMU 9 surface water in excess of the saltwater 

chronic WQC indicate that migration from groundwater to surface water may be significant for 

these inorganics in terms of ecological impacts. It should be mentioned, however, that no 

reference surface water samples have been collected. The concentrations of chromium, copper, 

and lead reported in surface water may be representative of ambient water quality, and not 

indicative of any groundwater-to-surface water transport. The Zone J WI will provide 

additional data interpretation relative to this point. Risk management decisions associated with 

concerns related to this migration pathway should be deferred until a comprehensive surface 

water dataset is complete. 
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Of the VOCs and SVOCs identified in the quantitative screening, benzene and chloroknzene 

contamination in excess of tap water RBCs, are the most widespread. Benzene exceeds the tap 

water RBC in 10 of the 20 shallow monitoring wells and chlorobenzene exceeds its tap water 

RBC in eight of the 20 shallow monitoring wells. Generally, VOC and SVOC contamination 

is confined to monitoring wells NBCH009007, NBCH0090 13, and NBCH0090 14, (located near 

SWMU 19 and 20) with isolated pockets of contamination found in monitoring wells 

NBCH009010 and NBCH009016. Groundwater travel times from SWMU 19 and SWMU 20 

to Shipyard Creek range from 75 years (SWMU 20) to 116 years (SWMU 19). In addition, the 

ability for soil to retard the movement of contarnhants in the water table and expected dilutional 

effects upon transport through the vadose zone, combine to indicate that groundwater-to-surface 

water transport would be a slow and possibly unconfiirinable migration pathway for SWMU 9. 

Methylene chloride is considered the most mobile of the SWMU 9 groundwater organic 

constituents based on its ability to partition to water. NBCH009007 is the monitoring well 

nearest the "hot spot" for SWMU 9 organic contamination. Based on the retardation factor 

calculated for methylene chloride, travel time from monitoring well NCBH009007 to 

Shipyard Creek is estimated to be 105 years. Benzene's travel time Erom the closest monitoring 

well (NBCH009014) to Shipyard Creek was also evaluated. Of the organics detected in 

monitoring well NBCH009014, benzene is the most mobile in groundwater based on its ability 

to partition to water. This travel time is estimated to be 20 years. Currently, available data 

have identified no VOC or SVOC impacts to SWMU 9 surface water. Based on predicted 

transport characteristics of organic groundwater contaminants reported at SWMU 9, significant 

groundwater-to-surface water transport would not be expected. Additional surface water data 

will be collected from Shipyard Creek as part of the Zone J RFI sampling effort. This 

information will be evaluated in conjunction with existing SWMU 9 surface water and 

groundwater data to provide empirical support for these conclusions. 
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Chlorinated dibenzodioxins/dibemfura~ls were detected in SWMU 9 monitoring wells 

NBCH009002, NE#CH009005, and NBCH009015 at concentrations above the tap water RBC. 

Based on a K, value of 3,300,000, chlorinated dibenzodioxinsldibemo~ are not expected 

to migrate within the shallow aquifer due to a strong affinity for the soil matrix. 

5.3.3 SWMU 9 - Soil-to-Air Cross-Media Transport 

For purposes of this assessment, SWMU 9 was considered to encompass SWMUs 19, 20 

and 121 and AOCs 649, 650, and 654. No VOCs were detected in AOC 650 surface soil. As 

a result, it does not appear in the screening assessment. Table 5.3.3 lists the VOCs detected in 

surface soil samples collected at the other SWMUsIAOCs that make up overall SWMU 9 along 

with corresponding sod-to-air volatilization screening concentrations. A conservative soil-to-air 

screening value of 10,000 mglkg was used for 2-butanone. The maximum surface soil 

concentration of no volatile compound exceeded its corresponding soil-to-air volatilization 

screening level except 1,l-dichioroethene at SWMU 19. As a result, the soil-to-air migration 

pathway would not be expected to be significant at SWMUs 20 and 121 and AOCs 649 and 654. 

1,l-Dichloroethene was detected at S W U  19 in a single surface soil sample at a concentration 

of 0.063 mglkg, compared to the soil-to-air volatilization screening level of 0.04 rnglkg. The 

screening level was derived to represent the acceptable mean concentration on a 30-acre site. 

This approach assumes that a homogeneous source exists which can consistently emit 

1, ldichloroethene at a rate which will result in unacceptable ambient air concentrations. The 

severely limited extent of soil impacts reported at SWMU 19 indicate that the source strength 

onsite is far less than that assumed in the screening level development model. As a result, it 

was concluded that the single 1, l-dichloroethene hit in surface soil does not represent a viable 

threat to ambient air quality via volatilization. 

Additional discussion with respect to groundwater to air migration can be found in the Focused 

Field Investigation (E/A&H, 1996). This investigation identified benzene, chloroform, 
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1,4-dichlorobenzene , 1,2 ,4-trimethylbenzene, dichlorofluoromethane ,~andtrichlorofluoromethane 

as COCs based on health risks due their presence in indoor air of buildings located adjacent to 

SWMU 9. Sampling of the indoor air provided data to be used to estimate exposure to the 

building occupants and subsequently, provided the basis to establish the list of COCs. The FFI 

concludes that while benzene, 1,4dichlorobenzene, and trichlorofluorornethane were identified 

in SWMU 9 shallow groundwater, it is unlikely that SWMU 9 landfill acts as a source. This 

conclusion is reached based on the lack of a viable migration route between the buildings and 

the observed shallow groundwater contamination. Benzene was detected in monitoring wells 

NBCH00901, NBCH00903, NBCH00907, NBCH00909, NBCH009 10, NBCH009 12, 

NBCH009 13, NBCH00914, and NBCH009 16. 1,4-Dichlorobenzene was detected in monitoring 

wells NBCH00910, NBCH009 13, and NBCH009 14. Trichlorofluoromethane was detected in 

monitoring well NBCH00907. With the exception of NBCH00910, each well in which 

FFI-based COCs were identified are located in the western portion of SWMU 9. NBCH00910 

is in the center of SWMU 9. The FFI buildings are located east and northeast of SWMU 9. 

Considering the direction of groundwater flow from SWMU 9 (south to southwest), any 

contaminant migration in the center or western portion of SWMU 9 groundwater would tend to 

move away from the buildings in question. Monitoring wells NBCH00905, NBCH00908, and 

NBCH00911, located between the FFI buildings and impacted SWMU 9 monitoring wells, did 

not contain any of the FFI COCs. 

Benzene and chloroform were identified at SWMU 19 in a single surface soil sample at 

concentrations well below their soil to air screening concentrations. Once again, the migration 

pathway connecting the former landfdl and the buildings is not supported based on the location 

and limited extent of benzene and chlorofoxm soil impacts. Observed soil contamination in the 

SWMUsIAOCs located within the former landfill support the FFI conclusion that the SWMU 9 

landfill is an unlikely source of indoor air contamination in the buildings investigated as part of 

the FFI. 
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5.3.4 SWMU 9 - Soil-to-Sediment Cross-Media Transport 

For the purposes of this. discussion, drainage patterm for SWMU 9 were examined relative to 

sediment sample locations. The cap material for the former landfill that constituted SWMU 9 

has a high sand fraction which promotes the infiltration rather than the runoff of rainwater. 

Surface soil sampling Iocations at SWMUs 19, 20, and 121 and AOCs fX9, 650, and 654 were 

related to nearby sediment locations to evaluate the potential for erosion of containinated surface 

soil to occur through examination of currently manifested impacts. SWMUs 19, 20, and 121 

are near sediment locations 009M000101, 009M000201, 009M000301, 009M000401, and 

009M000501. AOC 654 surface soil has tbe potential to impact sediment locations 

009M001201, 009M001401, and 009M001501. AOCs 649 and 650 are not near any sediment 

sample locations and were not considered in this discussion. 

Table 5.3.4 summarizes the qualitative screening for the surface soil-to-sediment contaminant 

transfer process. Contaminants found in both the surface soil samples collected from 

SWMUs 19, 20, and 121 and the nearby sediment sample locations include one VOC (carbon 

disulfide), four SVOCs (benzo[a]pyrene equivalents, bis[2ethylhexyl]phthalate, fluoranthene, 

and pyrene), three PCB congeners (Aroclors-1248, 1254, and 1260), three chlorinated pesticides 

(4,4'-DDD, 4,4'-DDE and 4,4'-DDT), chlorinated dibenzodioxins/dibenzofurafl~, and 

15 inorganics (aluminum, antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, 

copper, lead, manganese, mercury, nickel, selenium, vanadium and zinc). Of these 

contaminants, Aroclor-1248, carbon disulfide, 4,4'-DDE, and 4,4'-DDT were detected in 

sediment at concentrations nearly one order of magnitude higher than in soil. Aldrin and 

beta-BHC were detected in sediment only and cannot be directly related to a potential surface 

soil source. 

Contaminants found in both the surface soil samples collected from AOC 654 and the nearby 

sediment sample locations include three VOCs (acetone, methylene chloride and toluene), two 

SVOCs (benzotalpyrene equivalents and fluoranthene), four pesticides (alpha-chlordane, 
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gamma-chlordane , 4,4'-DDE, and 4,4'-DDT) , chlorinated dibe~ioxins/dibemofurans, and 

14 inorganics (aluminum, arsenic, barium, beryllium, cadmium, chromium, cobalt, lead, 

manganese, mercury, nickel, selenium, vanadium, and zinc). Acenaphthene, Aroclor- 1260, 

chlorobenzene, 4,4'-DDD, fluorene , phenanthrene, and pyrene were detected in sediment only 

and cannot be directly related to concentrations of these contaminants in surface soil. 

Although evidence exists that contaminants in SWMU 19, 20, 121 and AOC 654 d a c e  soil 

have the potential to form contaminated sediments, aspects of the former landf111 portion of 

SWMU 9 may contribute to contamination found in sediments as well. With regard to additional 

migration of contaminated sediments, tidal influence is likely to result in the formation of 

predictable depositional zones of sediment based on tidal action. This would result in impacts 

to ecological environments, which are addressed in Section 7. 

5.3.5 SWMU 9 - Fate and Transport Summary 

Table 5.3.5 lists all the contaminants found to be significant in t e rn  of fate and transport with 

a notation of the significant migration pathways for each contaminant. 



'T
ab

le
 5

.3
 1 

C
he

m
ic

al
s 

D
et

ec
te

d 
in

 S
oi

l 
C

om
pa

ri
so

n 
to

 G
ro

un
dw

at
er

 P
ro

te
ct

io
n 

SS
L

 o
r 

U
ac

kg
ro

un
d 

U
T

L
 

N
A

V
B

A
SE

-C
ha

rl
es

to
n,

 Z
on

e 
11

, S
W

M
U

s 
9,

19
.2

0,
12

 1
 a

nd
 A

O
C

s 
64

9,
65

0,
65

4 



.b
le

 5
.3

.1
 

,h
em

ic
al

s 
D

et
ec

te
d 

in
 S

oi
l 

C
om

pa
ri

so
n 

to
 G

ro
un

dw
at

er
 P

ro
te

ct
io

n 
SS

L
 o

r 
B

ac
kg

ro
un

d 
U
7
L
 

N
A

V
B

A
SE

-C
ha

rl
es

to
n.

 Z
on

e 
H

, S
 W

M
U

s 
9.

19
.2

0,
12

 1 
an

d 
A

O
C

s 
64

9,
65

0,
65

4 

- E
xc

ee
ds

 g
ro

un
dw

at
er

 p
ro

te
ct

io
n 

SS
L

 
I -

 F
ir

st
 q

ua
rt

er
 g

ro
un

dw
at

er
; I

I -
 Se

co
nd

 q
ua

rt
er

 g
ro

un
dw

at
er

 
(x

f-
E

xc
ee

ds
 t

ap
 w

at
er

 R
B

C
 in

 s
ha

llo
w

 g
ro

un
dw

at
er

 
u

g
k

g
 - m

ic
ro

gr
am

 p
er

 k
ilo

gr
am

 
rn

g/
kg

 - m
ill

ig
ra

m
 p

er
 k

ilo
gr

am
 



Table 5.3.2 
Chemicals Detected in Groundwater and Surface Water 
Comparison of Groundwater to Tap Water Risk-based Concentrations for SWMU 9 
NAVBASE-Charleston, Zone H, SWMU 9 

in Shallow Detected Tap Water Water 
RBCor RBC or 

Benzene 
Benzidine 
Benzoic acid 
Beryllium 
2-Butanone (MEK) 
Butyl benzylphthalate 
Cadmium 
Carbon disulfide 
Chlorobenzene 
Chloroethane 
bis(2-Chloroethy [)ether 
4-Chloro-3-methylphenol 
2-Chlorophenol 
Chromium 
Cobalt 
Copper 
Cyanide 

,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Di benzofuran 
Di-n-butylphthalate 
I ,2-Dichlorobenzene 
I .bDichlorobenzene 
1,2-Dichloroethane 
1,2-Dichloroethene (total) 
Diethylphthalate 
2,tDimethy lphenol 
Dioxin (TCDD TEQ) 
Diphenylamine 
Endosulfan I 
Ethylbenzene 
bis(2-Ethy lhexy 1)phthlate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 

180 ND 
54 ND 
69 ND 
1.4 0.48 

10.6 ND 
2.9 ND 
1.8 2.4 

80.5 ND 
1300 ND 

7 ND 
140 ND 
3.1 ND 
8.6 ND 

1460 221 
2.8 4.2 
154 50.8 

0.05 ND 
0.1 ND 

0.03 ND 
0.06 ND 
7.5 ND 
3.4 ND 
4.9 ND 

9.05 ND 
59 ND 

160 ND 
3.05 ND 
1700 ND 

2.502 ND 
9.6 ND 

0.07 ND 
150 ND 
5.2 ND 
3.9 ND 
7.5 ND 
74 ND 

2.8 ND 
11 ND 

2.7 ND 

GSI GS2 
GS1 
GSI 

GS2 SW 
GS1 

GS2 
GSI GS2 SW 
GSI 
GSI GS2 
GSI GS2 
GSI 
GSI 
GSI GS2 
GSI S w  
GSI GS2 SW 
GS1 GS2 SW 
GS1 

GS2 
GS2 

GSI 
GS1 GS2 
GSI 
GSI GS2 
GSI GS2 
GSI GS2 
GSI GS2 
GSI 
GSI GS2 
GSI 
GS1 

GS2 
GSI GS2 
GSI 
GS1 GS2 
GSI 

GS2 
GS2 

GSl 
GS2 

YES 0.36 UGR. 

YES 0.00029 U G k  

NO I5000 UGR. 

YES 0.016 UGR 
NO 190 UGL 
NO 730 u ~ n  
NO 1.8 UGR 

YES 2.1 UGIL 
YES 3.9 UGL 

NO 860 ucn 
YES 0.0092 UGR 

YES NA U G ~  

NO 18 UGIL 

YES 18 UG/L 

NO 220 UG/L 

YES 140 UGR. 

NO 75 UG/L 
NO 0.28 U G n  

NO 0.2 UG/L 
NO 0.2 UGL 

NO 15 ucn 
NO 370 UGlL 
NO 27 UGIL 

YES 0.44 UG/L 
YES 0.12 U G L  

YES 5.5 UG/L 

NO 2900 UGL 

YES 73 U G L  

YES 0.5 P G L  

NO 91 UG/L 

NO 22 ucn 
YES 130 UCIL 

YES 4.8 UC/L 

NO 150 u c n  
NO 150 U G L  

YES 0.0066 UG/L 

YES 0.14 UG/L 

YES 0.01 5 uen 
YES 0.61 UG/L 



Table 5.3.2 
Chemicals Detected in Groundwater and Surface Water 
Comparison of  Groundwater to Tap Water Risk-based Concentrations for SWMU 9 
NAVBASE-Charleston, Zone H, SWMU 9 

Tap Water Water 
RBCor RBC or 

UTL UTL * Units 

0.019 U G R  

* - See Table 5.2-1 
GS 1 - Groundwater, round 1 
GS2 - Groundwater, round 2 
SW - Surface Water 
lU3C - Risk based concentration 
UTL - Background upper tolerance limit for Zone H shallow groundwater 
UGL - microgram per liter 



TABLE 5.3.3 
Soil-to-Air Volatilization Screening Analysis for SWMUs I9,20, 121, and AOCs 649 and 654 
NAVBASE - Charleston Zone H 
Charleston, South Carolina 

* - Soil-to-air RBCs were obtained from USEPA Region 111 Risk-based Concentration Tables, March 1995. 
+ - Screening value presented for 2-butanone was conservatively estimated at 10,000 mg/kg; actual may be higher. 
ND - Not detected 

VOCs 

Acetone 
Benzene 
2-Butanone 
Carbon disulfide 
Chlorobenzene 
Chloroform 
1,l -Dichloroethene 
Ethylbenzene 
Methylene chloride 
Toluene 
Trichloroethene 
Xylene (total) 

Maximum Concentration in Surface Soil 

SWMU SWMU SWMU AOC AOC 
19 20 12 1 649 654 

0.033 ND 0.1935 0.0252 4 
0.064 ND ND ND ND 

ND ND 0.0371 ND ND 
0.0099 ND ND 0.0048 ND 
0.064 ND ND 0.0018 ND 

0.00 15 ND ND ND ND 
0.063 ND ND ND ND 

ND ND ND ND 0.0045 
ND ND ND ND 0.025 

0.072 0.0: 1 0.013 0.0049 0.01 
0.054 ND ND ND ND 

0.00 16 ND 0.006 0.0071 0.0447 

Soil to 
Air Exceeds 

SSL * Units SSL 

62000 MGKG NO 
0.5 MGKG NO 

10000 + MGKG NO 
1 1  MG/KG NO 
94 MGKG NO 
0.2 MGXG NO 

0.04 MGXG YES 
260 MGlKG NO 

7 MGlKG NO 
520 MGXG NO 

3 MGXG NO 
730 MGKG NO 



Table 5.3.4 
Chemicals Detected in Soil and Sediment 
NAVBASE-Charleston, Zone H, SWMUs 9,19,20,121 and AOC 654 

Conc. Maximum Conc. Maximum 

230 UGKG 

ND UGKG 

350 UGKG 

ND UGKG 

ND UGKG 

11500 MGKG 

SS 25 ND SS 25 ND UGKG 

S S 610 ND ND ND UGKG 

SS SED 146 2.9 ND ND MGKG 
SS SED 160 3000 ND ND UGKG 

SS SED 4300 690 ND ND UGKG 
SS SED 1100 770 SED ND 890 UGKG 

SS SED 22.1 1 5 . 6 S S  SED 7.7 14.5 MGKG 

SED ND 7 ND ND UGKG 

SS ND ND SS 1.2 ND UGKG 
SS SED 530 29.1 SS SED 38.7 122 MGKG 

Benzo(g,h,i)perylene 
Benzo(a)pyrene Equivalents 
Benzoic acid 
Beryllium 
2-Butanone (MEK) 
Butylbenzy lphthalate 
Cadmium 
Carbon disulfide 
Ipha-Chlordane 

gamma-Chlordane 
Chlorobenzene 
Chloroform 
Chromium 
Cobalt 
Copper 
Cyanide 
2,4-D 
4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Dibenzofuran 
Diethylphthalate 
Di-n-buty lphthalate 
I ,  l -Dichloroethene 
Di-n-octy lphthalate 
Dioxin (TCDD TEQ) 
Endosulfan sulfate 

SS 
S S 
SS SED 
S S 
SS SED 
SS 
SS 
SS SED 
SS SED 
SS 
SS 
SS 
S S 
SS SED 
SS SED 
SS SED 
SS 
SS 
SS SED 
SS SED 
SS SED 
SS 
SS 
SS 
SS 
SS 
S S 
S S 

S S ND ND SS 

64 ND 
780 ND 

2524.9 8.7 
ND ND 
14.6 1 
37.1 ND 
2600 ND 

2.5 0.64 
9.9 150 

15.7 ND 
4 ND 

64 ND 
1.5 ND 

210 291 
97.2 5.7 

4060 228 
9.9 ND 

41.8 ND 
6 9 1 

20.5 150 
16 140 

220 ND 
85.2 ND 
1100 ND 

63 ND 
150 ND 

194.2297 ND 
ND ND 

2 ND UGIKG 
ND ND UGKG 

SS SED 

SS SED 

SS SED 

SS SED 
SS SED 

SED 

SS SED 
SS SED 
SS SED 
SS 

SED 
SS SED 
SS SED 

SS 

ND ND UGKG 

ND ND UG/KG 
I1 10.14 UGKG 

ND ND UGKG 

0.49 I. 1 MGKG 
ND ND UGKG 
ND ND UGIKG 

0.97 0.62 MGKG 

ND ND UG/KG 

46 29 UGKG 

57.7 26 UGKG 
ND 34 UGKG 
ND ND UGKG 
53.3 47.5 MGKG 

3.1 3.9 MGKG 

57.1 31.7 M G K G  

2 ND UGKG 

ND ND UGKG 
ND 1 1  UGKG 

4 15 UG/KG 

10 5 1  UGIKG 
ND ND UGKG 

ND ND UGKG 

ND ND UGKG 

ND ND UG/KG 
ND ND UGKG 

0.7166 ND UGIKG 

ND ND UGKG 

ND ND UG/KG 



Table 5.3.4 
Chemicals Detected in Soil and Sediment 
NAVBASE-Charleston, Zone H, SWMUs 9,19,20,121 and AOC 654 

Conc. Maximum Conc. Maximum 

in Soil in Sediment Units 

120 UGKG 

160 UGKG 

ND UGIKG 

ND UGKG 

92.2 MGKG 

124 MGKG 

0.26 MGKG 

72 UGKG 

ND UG/KG 

ND UGKG 

ND UGKG 

ND UGKG 

17.9 MGIKG 

150 UGIKG 

ND UGKG 
130 UGKG 

2.2 MGKG 

ND MG/KG 

ND UGKG 

ND MGKG 

ND MGKG 

ND UGKG 

ND UGKG 

47.4 MGKG 

ND UGKG 

147 MGKG 

SS - Surface soil 
SED - Sediment 
U G K G  - microgram per kilogram 
MG/KG - millgram per kilogram 



Table 5.3.5 
Significant Migration Pathways for SWMUs 9, 19,20, and 121; and AOCs 649,650, and 654 
NAVBASE-Charleston, Zone H . 

SWMU 19 SWMU 20 SWMU 121 AOC 649 AOC 650 AOC 654 SWMU 9 SWMU 9 

* - Ecological impacts 
* * - Areal extent of contaminantion reduces significance 
Sediment impacts evaluated in Section 7.0 Ecological Risk Assessment 
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6.2.2 Baseline Risk Asaament for SWMU 13 

6.2.2.1 Site Background and Investigative Approach 

SWMU 13 was investigated to assess soil and groundwater potentially affected by site activities. 

SWMU 13 is a fmfighting training area, at the northern boundary of Zone H. It includes 

buildings 204, 1303, 1306, 1309, 1310, 1313, 1744, and 1834, mi s e v d  other structures. 

It is used to train personuel in firefighting techniques. Diesel fuel and gasoline are ignited in 

controlled burns in a contained, paved, and bermed area. Water and fuel drain into oil-water 

separators which discharge into the sewer system. Recovered petroleum products are recycled. 

A UST is in the northwest portion of the site. 

Thirty-one surface soil samples from 28 locations were collected and analyzed from SWMU 13. 

Table 6.2.2.1 shows each surface soil sample location and lists the analytical methods used for 

each sample. First- and secondquarter groundwater samples were collected from nine shallow 

monitoring wells and analyzed for parameters similar to those for soil samples, as shown in 

Tables 6.2.2.2 and 6.2.2.3, respectively. 

6.2.2.2 C O X  Identification 

soid 

As shown in Table 6.2.2.4, this IMRA focuses on the following COPCs for soil: cPAHs (as 

BEQs) and heptachlor. The results of the Wilcoxon rank sum test background comparisons of 

inorganic CPSSs that exceeded their corresponding risk-based screening values did not identify 

any additional COPCs. Therefore, the soil COPCs listed above were formally assessed. 

Petroleum hydrocarbons were identified in 10 of 23 surface soil samples reported at 

concentrations ranging between 75 and 730 rnglkg. Concentrations reported at five locations 

exceeded the 100 mg/kg TPH AL established for NAVBASE soil. 
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Groundwater 

As shown in Table 6.2.2.5, no groundwater COPCs were identified at this site based on 

first-quarter groundwater monitoring results. Table 6.2.2.6 shows COPCs identified based on 

the secondquarter groundwater monitoring effort at S W M U  13. The Wilcoxon rank sum 

comparison for SWMU 13 indicated potassium concentrations were above background. 

Beryllium is the only groundwater COPC identified based on second-quarter groundwater 

monitoring data. 

6.2.2.3 Exposure Assessment 

ExposureSettIng 

The exposure setting at S W M U  13 is a firefighting training area. The mostly paved site is at 

the northern boundary of Zone H. The future use of this site is unknown although current plans 

indicate it will be a cargo terminal. 

Potentially Exposed Populations 

Potentially exposed populations are cwrent and future site workers a d  hypothetical future site 

residents. The current site users consist of fmfighting trainees and instructors who use the area 

hfitquently and for a short duration. The hypothetical future site worker scenario assumed site 

workers were continuously exposed to surface soil. A current site user's exposure would be less 

than that assumed for the hypothetical future site worker scenario because limited frequency of 

soil contact. The hypothetical site resident scenario was also included. Exposure projections 

(and resultant RGOs) for the future site worker will conservatively assess RME under current 

site use conditions. 

Exposure Pathways 

Exposure pathways for the site workers are dermal contact and incidental ingestion of surface 

soil. The exposure pathways under the hypothetical future residential land use are the same as 

those for the future site worker. Uniform exposue was assumed for d l  sample locations. In 
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addition, the future site worker scenario assumed continuous exposure to surface soil conditions. 

Groundwater was formally assessed for the site worker and hypothetical site resident ingestion 

pathway. Table 6.2.2.7 justifies exposure pathways assessed in this HHRA. 

Exposure Point Concentrations 

More than 10 surface soil samples were analyzed; therefore, UCLs were calculated, and the 

lesser of the maximum reported concentrations or the calculated UCLs was used as the EPC for 

each C O X  in Table 6.2.2.8. Because there are fewer than 10 groundwater monitoring wells 

at SWMU 13, the maximum concentration -- reported for groundwater COPCs was used as the 

EPC for the groundwater pathway. 

Soil 

Table 6.2.2.8 presents the EPCs used in this HHRA for SWMU 13. Tables 6.2.2.9 and 

6.2.2.10 present the CDIs calculated for the incidental ingestion and dennal contact exposure 

pathways, respectively. 

Grvundwater 

Table 6.2.2.1 1 presents exposure estimates for ingestion of shallow groundwater. 

6.2.2.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 6.1.4 of this report. 

Toxicological risk information is summarized in Table 6.2.2.12, and toxicological prof~les are 

presented below for COPCs identified in Section 6.2.2.2. 

PoIymmtk hy&vc&ns include the following COPCs: 

TEF 0.1 

TEF 0.1 
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Beazo(k)fluomthene TEF 0.01 

TEF 1.0 

TEF 0.1 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above bave not been well-established. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their 

carcinogenicity is addressed relative to that of BAP, having an oral SF of 7.3 (mg/kg&y)-1. 

TEFs, also set by USEPA, are multipfiers that are applied to the detected concentrations, which 

are subsequently used to calculate excess cancer risk. Most carcinogenic PAHs have been 

classified as such due to animal studies using large doses of purified PAHs. Tbere is some 

doubt as to the validity of these listings, and the SFs listed in USEPA's RBC Table are 

provisional. However, these PAHs are carcinogens when the exposure involves a mixture of 

other carcinogenic substances (e.g., coal tar, soot, cigarette smoke, etc.). As listed in IRIS 

(search date 6/28/95), the BAP is classified B2 based on insufficient human data specifically 

linking it to a carcinogenic effect. However, multiple animal studies in many species 

demonstrate BAP to be carcinogenic following administration by numerous routes. 

BAP has produced positive results in numerous genotoxicity assays. At the June 1992 CRAVE 

Work Group meeting, a revised risk estimate for BAP was verified. This section provides 

information on three aspects of the carcinogenic risk assessment for the agent in question, the 

USEPA classification, and quantitative estimates of exposure. The classification reflects a 

weight-ofevidence judgment of the likelihood that the agent is a human carcinogen. The 

quantitative risk estimates are presented in application of a lowdose extrapolation procedure and 

is presented as the switching per mg/kgday. The unit risk is the quantitative estimate in terms 

of either risk per pg/L drrnking water or risk per pg/m3 air breathed. The third form in which 
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risk is presented is drinking water or air concentration providing cancer risks of 1 in 10,000 or 

1 in 1 million. The Carcinogenicity Background Document provides details on the 

carcinogenicity values found in W S .  Users are referred to the Oral Reference Dose and 

Reference Concentration sections for information on long-term toxic effects other than 

carcinogenicity. 

As listed in IRIS, the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 classification is based 

on data from animal bioassays. Benzo(b)fluoranthene produced tumors in mice after lung 

implantation, braperitoneal or subcutar~~us injection, and skin painting. Benzo(a)ankacene 

produced tumors in mice exposed by gavage; intraperibneal, s u b c u ~ u s ,  or intramuscular 

injection; aad topical application. Benzo(a)antbcene produced mutations in bacteria and in 

mammalian cells and transformed mammalian cells in cultwe. Equivocal results have been 

found in a lung ademma assay in mice. Bemo(k)fluoranthene is mutagenic in bacteria 

(Klaassen et al., 1986). 

Other PAHs - those not classified by USEPA as carcinogens - are toxic to the liver, k i b y  

and blood. This group of PAHs includes compounds such as pyrene, accrurphthene, 

acrenaphthyiene, benzo(g, h, i)perylcne, and plienanthtcne. USEPA determined RfDs for only 

two of these compounds: pyrene's RfD, is 0.03 mglkgday, arsd this IUD is also used as a 

surrogate RfD, for phenanthrene. The RfD, for acenaphthene was determined to be 

0.06 mgk-day. 

Reptachlor is an insecticide which was used to control flies, mosquitoes, and field insects 

(Dreisbach et al., 1987). USEPA determined this compound to be a class B2 carcinogen, and 

detemined the SFo to be 4.5 (mg/kg-day)-]. As listed in IRIS (search date 6/29/95}, the 

classification is based on hadequate human data, but sufficient evidence exists from studies in 

which benign and malignant liver tumors were i n d u d  in three strains of mice of both sexes. 

Several structurally related compounds are liver carcinogens. The primary target organs for this 
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pesticide are the liver and kidneys, and USEPA determined the RfD, to be 0.0005 mgtkg-day. 

As listed in IRIS, the critical effect of this chemical is liver weight ~~s in males. The 

uncertainty factor was 300 and the modifying factor was 1. 

Beryllium exposure via the inhalation route can inflame the lungs, a condition known as acute 

beryllium disease, as a result of short-term exposure to high concentrations. Removal from 

exposure reverses the symptoms. Chronic exposure to much lower concentrations of beryllium 

or beryllium oxide by inhalation has been reported to cause chronic beryllium disease, with 

symptoms iracludhg shortness of breath, scarring of the lungs, and berylliosis, which is 

noncancerous growths in h lungs of humans. Both forms of beryllium disease can be fatal, 

depending on the severity of the expo-. Additionally, a skin allergy may develop when 

soluble beryllium compounds come into contact with the skin of sensitized individuals (Gradient, 

1991). An oral RfD of 0.0054 mg/kg-day has been set for beryllium based on a chronic oral 

bioassay (rats were the study species) which determined no adverse effect occurs at 

0.54 mgtkg-day . Beryllium has been classified by USEPA as a group B2 carcinogen based on 

animal studies. It has been shown to iraduce lung cancer via inhalation in rats a d  monkeys, and 

to induce osteosamomas in rabbits via intravenous or intramedullary injection. Human 

epidemiology studies of beryllium are considered to be inadequate. As listed in IRIS (search 

date 6/28/95), beryllium has been shown to induce lung cancer via inhalation in rats and 

monkeys d to induce osteosarcom in rabbits via intravenous or intramedullsry injection. 

Human epidemiology studies are inadequate. USEPA set an inhalation SF of 8.4 (mgkg-day)-1 

and an oral SF of 4.3 (mg/kg-day)-'. As listed in IRIS, of this chemical has no adverse critical 

effect. The uncertainty factor was 100 and the modifying factor was 1. The IRIS RfD in 

dnnkhg water is 0.005 mgtk-day . 

Nap-ne, as well as 2-methylnaphtiralene, are obtahd from coal tar and are used as a 

moth repellant and as a synthetic intermediate. The primary effect of naphthalene is on the 

kidneys due to this compound's effect on the blood (Dreisbach et al., 1987). Naphthalene was 
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determined to be a USEPA class D carcinogen (i.e., is not classfied due to insufficient data). 

As listed in IRIS (search date 11/22/95), the classification is based on no human data and 

inadequate data from animal bioassays. Results from the National Toxicology Program (NTP), 

a two-year cancer bioassay (1991), suggest that naphthalene may be more appropriately classified 

as a possible human carcinogen (Group C under current USEPA guidelines). The NTP 

concluded, "Under the conditions of these two-year studies, there is no evidence of carcinogenic 

activity of naphthalene in male B6C3F1 mice exposed by inhalation to concentrations of 10 or 

30 ppm for six hours daily, five days per week, for 103 weeks. There was some evidence of 

carcinogenic activity of naphthalene in female K 3 F 1  mice, as indicated by the increased 

incidences of puImona~~ alveolar/bronchiolar adenomas." USEPA determid tk IUD, to be 

0.04 mgtkgday, which was withdrawn from IRISIHEAST. 

The Wilcoxon rank sum comparison for SWMU 13 potassium concentrations indicated onsite 

potassium concentrations are elevated with respect to background. Magnesium, potassium, iron, 

calcium, and sodium are all essential nutrients. These elements were eliminated from formal 

assessment because they are essential elements. These nutrients would be expected to be 

indigenous to the soil. In vitamin supplements, 100,40, 18, and 162 mg are the daily doses for 

magnesium, potassium, iron, and calcium, and approximately 70 mg of sodium is found in the 

typical soda. 

6.2.2.5 Risk Charackrization 

surf8~e Soil 

Exposure to surface soil onsite was analyzed under both residential and industrial (site worker) 

scenarios. For each scenario, the incidental ingestion and dermal contact exposwe pathways 

were evaluated. For noncarcinogenic c o h t s  evaluated for future site residents, hazard 

was computed separately to address child and adult exposure. Tables 6.2.2.13 and 6.2.2.14 

present the computed carcinogenic risks W o r  HQs associated with the incidental ingestion of 

and dermal contact with site d a c e  soil. 
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Hypothetical Site Residtnts 

The ingestion ILCR (based on the adult and child lifkthm weighted average) for SWMU 13 

surface soil is 8E-7. The dermal pathway IJ.,CR is 4J2-7. Carcinogenic PAHs (as BEQs) were 

the primary contributor to ILCR for each pathway. Heptachlor accounted for approximately one 

order of magnitude less than the ILCR estimated for BEQs. 

The computed HI for the adult resident was 0.00003 for the soil ingestion pathway. The 

computed HI for the cud ingestion pathway was 0.0003. The dermal contact pathway HIS were 

0.00003 and 0.00009 for both the adult resident and the child resident. The only contributor to 

hazard for either soil pathway was heptachlor. 

Hypothetical Site Workers 

Site worker ILCRs are 9E-8 and 2E-7 for the ingestion and dermal contact pathways, with 

cPAHs (as BEQs) as the primary contributor to ILCR for each pathway. HeptachIor accounted 

for approximately one order of magnitude less than the ILCR estimated for BEQs. The HIS for 

the ingestion and dermal pathways were 0.00001 and 0.00002 for the site worker scenario, and 

the sole contributor to the HIS was kptachlor. 

The reported hits for BEQs were either from samples collected within 2 feet of an asphalt area 

or directly beneath the asphalt. PAHs are components of asphalt, and asphalt could contribute 

to tbe equivalent concentrations reported beneath or near the asphalt area. In addition, a fence 

cufiently prevents frequent trespass, aad only workers engaged in short-term activities would 

be likely to enter the area. 

Groundwater 

Exposure to shallow groundwater was evaluated under both residential and industrial (site 

worker) land use scenarios. For these scenarios, the incidental ingestion exporn was 

considered. For nox.arcinogenic chemicals evaluated for future site residents, HQs were 



Final R W  Facility lmtigmMon R q m t  for Zone H 
N A M E  Chdaton  

Stcnccflon 6: Bcrseline Risk Assessment 
July 5, 1996 

. 

computed separately to address children and adults. Table 6.2.2.15 presents the estimated 

carcinogenic risk and noacarcinogenic HQs associated with the potable use ingestion of shallow 

groundwater. 

F U r e  Site Residenfs 

The projected ingestion-related ILCR from shallow groundwater was estimated to be 1E-5. The 

HIS for adult and child residential receptors were estimated to be 0.001 and 0.003, respectively. 

Beryllium was the sole contributor to both the ILCR and HIS, a d  was reported in only one 

monitoring well. 

&turn Site WorRers .-. 

The projected ingestion related ILCR from shallow groundwater was 5E-6, and the site worker 

HI was estimated to be 0.0004. Beryllium was the sole contributor to both the ILCR and HIS. 

Current Site Workers 

Shallow groundwater is not m n t l y  a potable water source for SWMU 13 or other areas of 

Zone H. In the absence of a completed exposure pathway, na threat to human health is posed 

by reported shallow groundwater contamination. 

COCs Identified 

COCs were identified based on cumulative (all pathway) risk and hazard projected for this site. 

USEPA has established a generally acceptable risk range of 1E-4 to 1M, and an HI threshold 

of 1.0 (unity). In Zone H HHRAs, a COC was considered to be any chemical contributing to 

a cumulative risk level of 1E-6 or greater and/or a cumulative HI above 1.0, if its individual 

ILCR exceeds 1E-6 or its HQ exceeds 0.1. For carcinogens, this approach is relatively 

conservative, because USEPA Region IV recommends a cumulative risk level of 1E-4 (and 

individual ILCR of 1E-6) as the trigger for establishmg COCs. Tk COC selection algorithm 

provides a more comprehensive evaluation of chemicals contributing to carcinogenic risk or 
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noncarcinogenic hazard during the RGO development process. Tbe soil e p m  scenarios were 

maintain4 in both instances. However, as described previously, the cumulative risk threshold 

used to idem COCs in this HHRA (IE-6) is two orders of magnitude more conservative. 

Su@hce Soil 

Hypothetical Site Residents (Future Land Use) 

No risk- or hazard-based COCs were i-ed for the hypothetical site resident scenario. 

Hypothetical -. Site Workers (Current Land Use) 

No risk or hazard-based COCs were identfml for the hypathetid site worker scenario. 

Gmundwater 

Hypothetical Site Residents (Future Land Use) 

Beryllium was idenaed as a COC for this scenario based on its contribution to riskfhazard. 

Hypothetical Site Workers (future Land use) 

Beryllium was idef ied  as a COC for this scenario based on its contribution to r W M .  

Due to the limited extent of identified shallow groundwater impacts, graphical presentation of 

risk projections for SWMU 13 groundwater was determined to be of limited use. Instead, the 

extent of the COC is briefly discussed below. Beryllium was detected in one second-quarter 

shallow groundwater sample. The third- and fourthquarter results will conlFm whether 

beryllium is present in shallow groundwater. This review will facilitate responsible and sound 

risk management decisions. 
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6.2.2.6 Risk Uncertainty 

Characterization of Exposure Setting and Identir~cation of Expuswe Pathways 

The potential for bigh bias is introduced through the exposure setting and pathway selection due 

to the highly-conservative assumptions (i.e., future residential use) recommended by USEPA 

Region TV when assessing potential future and current exposure. The exposure assumptions in 

the site worker scenario are highly protective and would tersd to overestimate exposue. Current 

site workers are not exposed to site groundwater, and they are infrequently exposed to surface 

soil when walking across exposed soil at the site. Approximately 90% of the site is paved. 

Firefighter trakes would not be expected to work onsite in contact with a f f d  media for eight 

hours per day, 250 days per year, as assumed in the exposure assessment, and the duration of 

training activities is much less than 25 years. Using the site for training drills 52 days per year 

would reduce exposure frequency 80% relative to the default site worker assumptions. In 

addition, less than eight hours per day are required to complete training drills. As a result, 

estimated exposure would be proportionately reduced. 

Residential use of the site would not be expected, based on current site uses and the nature of 

the surrounding buildings. SWMU 13 is a firefighting training area. Cment base reuse plans 

call for a cargo terminal. If this area were to be used as a residential site, the buildings would 

be demolished, and the surface soil conditions would likely change. Consequently, exposure to 

current surface soiI conditions would not be likely under a true future residential scenario. 

These factors Mate that exposure pathways assessed in this HHRA would generally 

overestimate the risk and hazard posed to current site workers and future site residents. 

Shallow groundwater is not currently used at SWMU 13 for potable or industrial purposes. A 

basewide system supplies drinking ad process water to Zone H buildings. This system is to 

remain in operation under the current base reuse plan. As a result, shallow groundwater use 

would not be expected under future site use scenarios. Therefore, the scenario established to 
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project xiskmazard associated with shallow groundwater exposure is highly conservative, and 

associated pathways are not expected to be completed in the future. 

Detednation of Exposum Point Concenlduns 

Based on the guidance provided by USEPA and discussed in Section 6.1.4.4 of this report, EPCs 

are used to estimate CDI. The uucertainty associated with EPCs primarily stems from their 

statistical determination (UCLs) or imposition of rmximum concentrations. 

Soil 

BEQs reportedly exceeded the residential RBC at three sample locations: 013SB005,013SB008, 

and 013SB017. Likewise, heptachlor concentrations reportedly exceeded the residential RBC 

at two sample locations, 013SB006 and 013SB019. EPCs at these locations are underestimates 

relative to the UCL. The UCL was calculated assuming sitewide exposure, as the data do not 

clearly define a hot spot. 

G m m a i e r  

Beryllium exposure was estimated using tbe maximum reported concentration, and therefore, risk 

is calculated based on fhe maximum reported concentration is likely an overestimate. 

lhquency of Detection and Spatial Didbution 

BEQs and heptachlor were detected in three of 23 and two of 23 surface soil samples analyzed 

for these compounds, respectively. The limited frequency of detection suggests that the 

compounds are not widespread at SWMU 13. BAP accounted for approximately 80% of the 

equivalent concentrations, and PAHs were reported in only three of 23 samples. By imposing 

the UCL, RME was estimated for this site. If the fraction ingested from con-ted source 

(based on the frequency of detection for each COPC) were considered in the exposure 

calculations at this site, the risk estimates for surface soil and groundwater would be significantly 
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less. However, based on the distribution of the reported comntrations, no hot spot was clearly 

evident, and hot spot analysis was not performed. 

TPH results reported in site soil (75 to 730 mgkg) exceeded the NAVBASE soil thteshold of 

100 mglkg. No groundwater sample contained detectable concentrations of TPH. The absence 

of TPW in groundwater indicates the shallow aquifer is sufficiently protectecl under current 

conditions with respect to soil-to-groundwater cross-media transport of TPH constituents. 

Beryllium was reported in only one of nine second-quarter groundwater samples analyzed, and 

the maximum concentration was used to estimate exposure. Imposing the maximum reported 

concentration overestimates exposure because low detection frequency compounds are not 

distributed equally across the site. 

Quantification of RisWHszard 

As indicated by the discussions above, uncertainty is inherent during the risk assessment process. 

In addition, many site-specific factors have affected the uncertainty of this assessment that would 

upwardly bias the risk and hazard estimates. Exposure pathway-specific mums of variability 

and uncertainty are discussed below. 

Soil 

Of the CPSSs eliminated from formal assessment because they do not exceed the corresponding 

RBCs, none was reported at a concentration within 10% of its RBC. This minimizes the 

likelihood of potentially cumulative risk/- with respect to the eliminated CPSSs. 

Concentrations of aluminum, arsenic, beryllium, and manganese e x d  their corresponding 

RBCs, but none of the maximum .concentrations exceeds the corresponding reference 

concentration. Therefore, they were eliminated from formal assessment based on comparisons 

to the reference co~pcentrations because they do not contribute to excess riskfhazard onsite. 
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Although future land use at this site is unknown, both the worker and residential exposure 

scenarios were assessed in this HHRA. As previously discwed, these scenarios would likely 

overestimate risk and/or hazard. 

Gmundwatcr 

No COPCs were identifd for this exposure pathway based on the f m t q w k r  screening 

comparisons. However, 2-methylnaphthalene and beryllium were identified as COPCs based 

on second-quarter groundwater sampling. Of the CPSSs eliminated from formal assessment 

because they do not exceed the co r r e spom RBCs, none was reported at a concentration close 

to its RBC. This minimizes the likelihood of potentially significant cumulative r i s k h z d  with 

respect to the eliminated CPSSs. Mangaaese and arsenic concentrations exceed the 

corresponding RBCs, but these elements do not exceed the corresponding reference 

concentrations. Therefore, manganese and arsenic were eliminated from formal assessment 

based on comparison to the comsporading reference concentrations because they do not 

contribute to excess riskhazard onsite. 

As a measure of variability, CT Bnalysis was performed for soil and groundwater. Exposure 

assumptions were modified to reflect the 50th percentile rather than the 95th, and EPCs were 

not modified. In accordance with Superfirnd's S t h r d  Default fiposure Factors for the Central 

Tendency and Reasonable Maximum Exposure-Dra# (USEPA, November 19931, the exposure 

duration of site residents were reduced from 30 to nine years, two years for child exposure, and 

seven years for adult exposure. Exposure frequency was reduced from 350 to 2 s  for site 

residents and from 250 to 219 for site workers. The drinkrng water ingestion rate for an adult 

was reduced fhm 2 to 1.4 liters per day, and exposure to groundwater was reduced by 25% to 

account for other water sources. J3ased on CT, the shallow groundwater-related risk (incidental 

ingestion) would be approximately 2E-6, and the CT estimate for the worker would be 6E-7. 

HI estimates are below 1 .O. Tables 6.2.2.16 and 6.2.2.17 present the CT CDI and risklhazard 

for the ingestion of groundwater exposure pathway, respectively. 



Final RCRA Facility investigation Repon for Zone H 
NAVBASE Charleston 

Section 6: Baseline Risk Assessment 
June 24. 1997 

6.2.2.7 Risk Summary 

The risk and hazard posed by contaminants at SWMU 13 were assessed for the hypothetical 

RME site worker and the hypothetical future site resident. In surface soil, the incidental 

ingestion and dermal contact pathways were assessed in this HHRA. Ingestion was evaluated 

for shallow groundwater based on fist- and second-quarter groundwater monitoring data. 

Table 6.2.2.18 summarizes the risk summary for each pathwaylreceptor group evaluated for 

SWMU 13. 

6.2.2.8 Remedial Goal Options 

Soil 

No COCs were identified for soil exposure pathways, and therefore, no RGOs were calculated. 

Groundwater 

RGOs were calculated for ingestion of shallow groundwater. RGOs calculated for the site 

resident and site worker are presented in Tables 6.2.2.19 and 6.2.2.20, respectively. 
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Table 6.2.2.7 
Ehposwe Pathways Summary -- SWMU 13 

Navd Base Chnrleston 
Charkston, South carolinn 

Poten~Exposed  MtdhmnndExpmure PathwnySekcted 
Population Pathway for Evaluation? Reamm for SekxUon or E;xchubn 

Soil, Dermal contact Yes 

-- 

Soil, Incidental ingestion Yes Current soil conditions were assessed for 
the future site worker mdAypotht~ 
reskkntinl scenarios. However, my future 
commction activities would likely include 
clean soil being placed on top of current 
surface soils. 

Curtent soil conditions were assessed for 
the futun site worker and hypothetical 
residential scaubs. However, my future 
comtruction activities would likely include 
clan soil being plnced on top of current 
surface soils. 

Wild game or domestic 
animals, Ingestion of 
tissue impacted by media 
contamhation 

Fruits and vegetables. 
Ingestion of plant tissues 
grown in media 

.#< 

No HuntinglCrking of game &or raising 
livestock is prohibited withiu the city 
limits. 

The potential for significant exposure via 
this pathway is low relative to that of other 
exposure pathways assessed. 
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5.5 SWMU 14 (Includes SWMU 15 aud AOCs 670 and 684) 

SWMU 14 is a flat, open, vegetated site which served as a chemical disposal area for 

miscellaneous chemicals, warfare decontaminating agents, and possibly industrial wastes. A 

small drainage ditch originates in SWMU 14 and runs southeast toward the dredged material 

area. This ditch has a very low gradient and the direction of surface water flow within it is not 

apparent. Surface soil, subsurface soil, groundwater, and surface water samples were collected 

from SWMU 14, Sediment samples were collected from the ditch within the site. 

SWMU 15 and AOC 670 and AOC 684 are within the SWMU 14 boundary. SWMU 15, on 

the northwest corner of SWMU 14, is the site of a former propane-fired incinerator used to 

destroy classified documents. AOC 670, formerly a trap and skeet range, and AOC 684, 

formerly an outdoor pistol range, are separated by a ditch which runs east and west through the 

center of SWMU 14. Surface and subsurface soil were sampled from these sites and sediment 

samples were analyzed for AOCs 670 and 684. The evaluation of contaminant transfer from soil 

to groundwater was based on a comparison of the soil data from these SWMUslAOCs and the 

shallow groundwater data from overall SWMU 14. 

Potential migration pathways for SWMU 14, include constituents leaching from soil to 

groundwater, migrating from groundwater to surface water, and volatilizing from surface soil 

to air. Constituent transport by sediment and/or surface water movement is also a possible 

migration pathway in the SWMU 14 area; however, site drainage features do not appear to have 

definite outlets. Therefore, minimal migration is expected through this pathway. Potential 

correlation between surface soil and sediment impacts were addressed through qualitative and 

semiquantitative screening analysis. Potential receptors to contaminants migrating from the 

SWMU 14 area would likely involve the wetland area adjacent to SWMU 14. This subject is 

addressed in Section 7. 
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5.5.1 SWMU 14 - Soil-to-Groundwater Cross-Media Transport 

Table 5.5.1 compares the maximum detected concentration in SWMU 14, SWMU 15, AOC 670, 

and AOC 684 soils to the groundwater protection risk-based SSLs or the soil background UTLs. 

Additional notations are made for those constituents detected in overall SWMU 14 shallow 

groundwater and those which exceeded the risk-based screening criteria for tap water or the 

shallow groundwater background UTLs. Two contaminants (chromium and lead) are highlighted 

as soil to groundwater migration concerns based on their presence in both soil and shallow 

groundwater in excess of RBCs, SSLs, and background UTLs. Based on the physical and 

chemical parameters of SWMUs 14, and 15, and AOCs 670 and 684 soils, the high levels of 

dissolved salts in the groundwater, and the neutral-to-high pH, chromium and lead will tend to 

precipitate and bind to soil particles rather than dissolve and travel in groundwater. 

Constituents detected in SWMU 14 soil above the groundwater protection SSLs or background 

UTLs include chromium, copper, lead, selenium, and 1,2,3-trichloropropane. Chromium, 

copper, and selenium exceeded the background UTLs in one (chromium and copper) or two 

(selenium) samples such that these constituents do not indicate a widespread deviation from 

background. Chromium was detected in overall SWMU 14 groundwater above the tap water 

RBC for hexavalent chromium, and selenium was detected in overall SWMU 14 groundwater 

above the background WTL. Chromium, copper, and selenium were not detected in monitoring 

well NBCH014002 located nearest to SWMU 14; rather, these detections occurred in a 

monitoring wells positioned upgradient of SWMU 14. These findings indicate that SWMU 14 

soil concentrations of chromium and selenium are not likely to threaten the shallow aquifer. 

1,2,3-Trichloropropane exceeded the SSL in only one surface soil sample and was not detected 

in the subsurface soil. Considering the limited source and its absence from subsurface soil, 

1,2,3-trichloropropane is not likely to threaten the shallow aquifer. Lead exceeded the 

background UTL in several samples; however, it did not exceed the background UTL in 

subsurface soil or the action level in overall SWMU 14 groundwater. The soil to groundwater 
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migration pathway for lead currently is not impacting shallow groundwater above the action 

level. 

Constituents detected in SWMU 15 soil above the groundwater protection SSLs or background 

UTLs include arsenic, alpha-BHC, copper, and dieldrin. Arsenic and copper were detected 

above their background UTLs infrequently in SWMU 15 soil. Arsenic did not exceed 

background UTL and copper was not detected in overall SWMU 14 groundwater. As a result, 

SWMU 15 soil concentrations of arsenic and copper are not likely to threaten the shallow 

aquifer. Dieldrin and alpha-BHC were detected above the groundwater protection SSLs in 1 of 

4 surface soil samples and were not detected in the subsurface soil. Dieldrin and alpha-BHC 

were not detected in overall SWMU 14 groundwater, Considering the limited extent of 

contamination and the lack of presence in groundwater, SWMU 15 soil concentrations of dieldrin 

and alpha-BHC are not likely to threaten the shallow aquifer. 

Constituents detected in AOC 670 soif above the groundwater protection SSLs or background 

UTL include arsenic, benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene, 

benzo(k)fl uoranthene, chrysene, dieldrin, lead, methylene chloride, selenium, and thallium. 

Dieldrin was detected in 1 of 28 surface soil samples and was not detected in the subsurface soil 

or shallow groundwater. Considering the limited extent of dieldrin contamination, impacts to the 

shallow aquifer are not likely. Monitoring well NBCH014001, near AOC 670, exhibited lead 

concentrations of 19.7 pg/L which is marginally above the USEPA treatment technique AI, for 

lead 15 pg/L. These findings indicate that soil lead concentrations may be impacting the shallow 

aquifer. Benzo(a)pyrene equivalent (BEQ) compounds (benzo(a)pyrene, benzo(a)anthracene, 

benzo(b)fluoranthene, bemo(k)fluorantheoe, and chrysene) were detected in AOC 670 surface 

soil at concenaations above the groundwater protection SSL in 5 of 34 samples. BEQ 

compounds were detected in 4 of 32 subsurface soil samples at concentrations below the 

groundwater protection SSL and were not detected in overall SWMU 14 shallow groundwater. 

Although conservative screening indicates that BEQ compounds have the potential for isolated 
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leaching to groundwater, the limited impact to subsurface soil and absence from shallow 

groundwater sugge.st that this migration pathway is insigmficitnt for AOC 670. Arsenic, 

selenium, and thallium were detected in only one soil sample above the background UTLs 

(arsenic and thallium) or groundwater protection SSLs (selenium). The limited soil impacts of 

arsenic, selenium, and thallium do not indicate a significant threat to the shallow aquifer. 

Methylene chloride was detected in 10 of 28 surface soil and 10 of 27 subsurface soil samples 

in excess of the groundwater protection SSL. Methylene chloride was not, however, detected 

in overall SWMU 14 shallow groundwater. Although conservative screening indicates that 

methylene chloride has the potential for impacts to SWMU 14 groundwater, widespread impacts 

have not currently been shown. It should be noted that methylene chloride is a common 

laboratory contaminant and was present in blanks associated with the overall SWMU 14 

investigation. This adds some uncertainty to conclusions drawn regarding methylene chloride 

soil to groundwater migration. 

Barium, benzo(a)p yrene, benzo(a)anthracene, benzo(b)fluoranthene , benzo(k)fluoranthene , 

chry sene, chlorobenzilate , copper, dieldrin, 7,12dimethylbenz(a)anthracene, methylene chloride, 

and thallium were detected in AOC 684 soil at concentrations above the groundwater protection 

SSLs or background UTLs. None of these constituents was detected in overall SWMU 14 

groundwater, indicating that their soil concentrations are protective of the shallow aquifer. 

Chlorobenzilate, dieldrin, and 7,12-dimethylbenz(a)anthracene were detected in surface soil in 

one (7,12dhethylbenz(a)anthracene) or 3 (chlorobenzilate and dieldrin) samples and were not 

detected in subsurface soil. Considering the limited extent of soil impacts, chlorobenzilate, 

dieldrin, and 7,12-dimethylbenz(a)anthracene soil concentrations are not likely to impact the 

shallow aquifer. BEQ compounds (benzo(a)pyrene , benu>(a)anthtacene, benzo(b)fluoranthene , 

benzo(k)fluoranthene, and chrysene) were detected above the groundwater protection SSL in 12 

of 44 surface soil samples. BEQ compounds were detected in only 3 of 30 subsurface soil 

samples, all at concentrations below the groundwater protection SSL. Although conservative 

screening indicates that BEQ compounds have the potential to impact the SWMU 14 
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groundwater, the limited impacts to subsurface soil and their absence from overall SWMU 14 

groundwater suggest that this migration is not a significant process for AOC 684. Methylene 

chloride was detected in 3 of 32 surface soil and 2 of 22 subsurface soil samples in excess of 

the groundwater protection SSL. Although conservative screening indicates that methylene 

chloride has the potential for isolated impacts to SWMU 14 groundwater, widespread impacts 

are not expected. It should be noted that methylene chloride is a common laboratory 

contaminant and was present in blanks associated with the overall SWMU 14 investigation. This 

adds some uncertainty to conclusions drawn regarding methylem chloride soil to groundwater 

migration. 

5.5.2 SWMU 14 - Groundwater-to-Surface Water Cross-Media Transport 

Table 5.5.2 summarizes the groundwater-to-surface water transfer screening process. Of the 

constituents detected in both groundwater and surface water, arsenic, chlorinated 

dibenzodioxinsldibe11zofuratls and lead exceed the saltwater chronic WQC. The qualitative 

screening process identified one additional contaminant (chromium), detected in groundwater 

only, which has a published WQC protective of aquatic life. Additional quantitative screening 

identified five constituents (aluminum, chromium, chlorinated dibenzodioxins /dibe~~.o~,  

lead, and vanadium) which were detected in groundwater above their tap water RBCs or 

grid-based background UTLs. The chlorinated herbicide DCAA, detected in SWMU 14 

groundwater, couId not be screened as described in Section 5.2 due to the absence of soil and 

surface water data with which to perform the qualitative screening, and the absence of toxicity 

criteria with which to develop risk-based concentrations to perform the quantitative screening. 

Aluminum, chromium, lead, and vanadium were all found to exceed their respective tap water 

RBCs or background UTLs in one monitoring well (NBCH014001) during the second-quarter 

sampling event. These findings indicate an isolated area of inorganic contamination with little 

evidence supporting groundwater transport of these chemicals. Chlorinated 

dibenzodioxins/dikmofUrans were detected above the tap water RBC in all SWMU 14 
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monitoring wells; however, the high K, value estimated for these compounds indicates they tend 

to sorb to soil particles and are not likely to migrate in groundwater. 

The surface water sample for combined SWMU 14 was collected from a ditch that divides 

AOCs 670 and 684. Contaminant concentrations present in water that collects in this ditch may 

in part be due to the erosion of surface soil, forming contaminated sediments. Based on their 

chemical characteristics, chlorinated dibenzodioxinsldibemfurans detected in surface water were 

likely associated with suspended sediment. In this state, surface water transport is a viable 

migration pathway. With no apparent discharge point associated with the drainage feature, 

further migration of the contamhated sediment cannot be predicted. Although arsenic and lead 

concentrations exceed saltwater chronic WQC, their presence in surface water is not unexpected 

under natural conditions. Qualitative commonalities with respect to inorganic parameters are 

not in themselves definitive evidence of a link between shallow groundwater impacts and surface 

water quality. Evaluation of empirical data for combined SWMU 14 groundwater and surface 

water in conjunction with what is known of SWMU 14 topography indicates that deposition of 

contaminated sediments, rather than contaminated groundwater migration, may be more 

significant relative to concentrations of contaminants present in SWMU 14 surface water. 

Surface soil to sediment contaminant transfer is addressed in Section 5.5.4. 

Based on the isolated nature of the contamination in combined SWMU 14, groundwater 

contaminant migration does not appear be significant via this mechanism. Aside from the small 

drainage feature, the nearest surface water body to SWMU 14 is the Cooper River. Estimated 

groundwater travel times from each of the SWMUslAOCs to the Cooper River range from 

230 years (AOC 684) to 378 years (SWMU 14). In addition, the capacity for soil to retard the 

movement of contaminants in the aquifer, the lack of empirical evidence in support of 

contaminants migrating in groundwater, and expected dilutional effects upon transport through 

the vadose zone combine to make constituent transfer to the Cooper River, via groundwater, 
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unlikely. The Zone J RFI will provide additional data with which to evaluate the 

groundwater-to-surface water con taminant migration pathway. 

5.5.3 SWMU 14 - Soil-&Air Cross-Media Transport 

Table 5.5.3 lists the VOCs detected in surface soiI samples collected at SWMU 14 along with 

corresponding soil-to-air volatilization screening levels. The maximum surface soil concentration 

of 1,2,3-trichloropropane exceeded its corresponding soil-to-air volatilization screening level 

(0.0912 mglkg reported vs. 3E-5 mglkg screening level). A conservative soil-to-air screening 

value of 10,000 mglkg was used for 2-butanone. 

1,2,3-Trichloropropane was detected in one of nine surface soil samples at SWMU 14. Under 

the soil-to-air screening model, the screening level was derived to represent the acceptable mean 

concentration on a 30-acre site. This approach assumes that a homogeneous source exists which 

can consistently emit 1,2,3-trichloropropane at a rate that will result in unacceptable ambient air 

concentrations. The limited extent of soil impacts reported at SWMU 14 indicates that the 

source amount onsite is far less than that assumed in the screening level development model. 

Based on available data, significant 1,2,3 -trichloropropane concentrations would not be expected 

in ambient air, although it cannot be definitively concluded that ambient air quality would not 

be detrimentally affected. Limited supplemental soil andlor air sampling during the CMS would 

assist in determining whether 1,2,3-trichloropropane concentrations are actionable relative to 

ambient air quality considerations. 

5 S.4 SWMU 14 - Soil-toosediment Cross-Media Transport 

Table 5.5.4 summarizes the screening for the surface soil to sediment contaminant transfer 

process. Contaminants found in both the surface soil and sediment samples collected from 

AOCs 670 and 684 include three VOCs (methylene chloride, toluene, and xylene), 10 SVOCs 

(acenaphthene, anthracene, benzo[g,h,i]perylene, benzo[a]pyrene equivalents, dibenzofuran, 

bisE2-ethy lhexy llphthalate , fluoranthene, fl uorene , phenanthrene and pyrene) , eight pesticides 
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(alpha-chlordane, gamma-chlordane, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, endosulfan 11, endrin, 

and endrin aldehyde), chlorinated dibenzodioxinsldibe11~0~, two chlorinated herbicides 

(2,4-D and 2,4,5-T) and 12 inorganics (arsenic, barium, cadmium, chromium, cobalt, copper, 

lead, mercury, nickel, selenium, vanadium, and zinc). Of these contmhnts 4,4'-DDD was 

present in sediment at concentrations significantly higher than the surface soil concentration, 

Vinyl chloride was detected in sediment only and cannot be directly related to surface soil 

transport. Except for 4,4'-DDD, contaminant concentrations in sediment were approximately 

equal to concentrations in soil, suggesting the potential for erosion of surface soil resulting in 

the formation of a depositional zone within the drainage feature. With no apparent outlet from 

the drainage feature from which the SWMU 14 sediment samples were collected, further 

migration of sediments beyond SWMU 14 cannot be predicted. Potential ecological impacts of 

contaminated sediments are addressed in Section 7. 

5.5.5 SWMU 14 - Fate and Transport Summary 

Table 5.5.5 lists all the contaminants that have been found to be significant in terms of fate and 

transport with a notation of the significant migration pathways for each contaminant. 



Table 5.5.1 
Chemicals Detected In Soil for SWMUs 14, 15, and AOCs 670 and 684 
Soil to Groundwater Screening Analysis 
NAVBASE-Charleston. Zone H, SWMUs 14, 15 and AOCs 670,684 

AOC 684 
Surface Subsurface 

Sod So11 

2 800 ND 
286 ND 
97 4 284 
ND 6 6 
ND ND 
ND ND 
4400 ND 
12 4 8 7 
160 ND 
376 ND 
16 3 17 8 
ND 2 
ND ND 

1 7  1 5  
ND ND 
121 426  

5520 ND 
22000 150 
Z o o 0 0  140 
16000 200 
17000 140 
21000 180 
3 640 ND 
8590 ND 

I 5  1 4  
3 9 15 5 

2 43 2 03 
1 2  4 6 

24 7 48 1 
52 5 86 9 

1 60 ND 
57 8 58 2 
6 1 4 4 

79 7 253 
0 002 ND 
61 3 65 8 

5 21 1 
197 4 3 

50 ND 
1000 ND 
N D ND 
N D ND 

2 2 4 8 
3 ND 

1730 ND 
15 95 23 56 

1 4  ND 
4 1 ND 
3 8 ND 
2 2 ND 
4 2 ND 
320 5670 

18000 284 
1500 ND 

1 4  1 6  
16 2 ND 
ND 86 

3 3 ND 
117 41 6 

AOC 670 
Surface Subsurface 

So11 So11 

3145 ND 
ND ND 

78 200 
ND 7 3 
1 7  ND 

21700 31200 
4495 37 2 
11 4 2 7 
ND ND 
ND ND 

69 294 * 
ND ND 
ND ND 
ND ND 
ND ND 
31 8 42 3 

10750 ND 
19750 71 5 * 
14800 132 
I6250 1 79 
26500 138 
16300 160 
3850 ND 
8965 ND 

1 2  1 5  
ND 9 9 
3 6 0 22 
3 5 ND 
I 2  ND 
2 2 2 
ND ND 
74 2 64 9 
6 6 9 2 

21 4 26 6 
ND ND 

47 66 2 
N D 17 3 

4 7 8 
7 6 5 

1340 ND 
7 N D 

ND ND 
ND ND 
6 8 ND * 
ND ND 

15 17 21 2 
ND ND 
2 9 ND 
ND ND 
3 5 ND 
6 1 3 6 
800 350 

24600 278 
2190 ND 
ND ND 
ND ND 
ND ND 
ND 3 3 

20900 474 * 

Parameter 

Acenaphthene ugikg 
Acenaphthylene ugkg 
Acetone %kg 
Acetonltr~le u&g 
Aldr~n uWk3 
Alumtnum mgkg 
Anthracene 

Ground- 
water 

Protection 
SSL 

20000 
20000 

800 
70 

5 
46180 

430000 
ND A 
8200 
8200 
35 52 

2 
0 4 

6 
6 

43 8 
98000 
4000 

700 
4000 
4000 
1000 

1 1000 
3 5000 

180 
5 70 

6 
1400 
2000 
2000 

0 6 
85 65 
14 88 
31 62 
NDA 
1 700 
700 
500 

lo00 
12000 

3 8 
12000 

1100 
I 

700 
280 
400 
400 
400 
400 
400 

11000 
98OOO 
16000 

60 
30 

1 W 
ND A 

1 18 

SWMU 14 
Surface Subsurtace 

So11 So11 

130 ND 
ND ND 
ND ND 
ND ND 
ND ND 

29600 ND 
190 ND 

Detected 
n Ground 

water 

11 (x) 

1 

!,I1 

I1 (x) 

I (x) 

I (x )  

1,ll (x) 

SWMU 15 
Surface Subsurface 

Sotl So11 

190 ND 
ND ND 

69 91 
ND ND 
ND ND 

16500 17600 
182 ND 
ND ND 
ND ND 
ND ND 
53 I 134 
ND ND 

1 4  ND * 
ND ND 
ND ND 
293 214 

846 5 ND 
1400 ND 
980 ND 

1365 ND 
1000 ND 
990 ND 
304 ND 

789 5 ND 
0 8 I I 
ND ND 

1 ND 
ND ND 
ND ND 
ND ND 
ND ND 

50 95 44 8 
5 5 7 
55 262 
ND ND 
N D ND 
12 2 14 
3 3 3 

174 ND 
54 7 ND 
ND ND 
ND N D 
ND ND 

10 ND 
ND ND 
9 96 ND 

1 8  ND 
6 2 ND 
ND ND 
5 6 ND 
22 ND 

156 ND 
1030 ND 
87 6 ND 
ND ND 
7 3 ND 
ND ND 
ND ND 
77 5 33 

580 399  

210 7895 

mgkg 424 282 * 

Hexachlorobutad~ene 
sodrin u g h  

,~ead m g k ?  
ND 3 8 
915 447 



Table 5.5.1 
Chemicals Detected in Soil for SWMUs 14,15, and AOCs 670 and 684 
Soil to Groundwater Screening Analysis 
NAVBASE-Charleston, Zone H, SWMUs !4, 15 and AOCs 670,684 

- Exceeds groundwater protectlon SSL 
1 - First quarter groundwater; I1 - Second quarter groundwater 
(x) - Groundwater concentration exceeds tap water RBC 
mgag - mitligram per kilogram 

Parameter 

Manganese m f l g  
Mercury m 8 h .  
Methoxychlor u f l g  
Methylene chloride ug/kg 
2-Methylnaphthalene w'kg 
Naphthalene 'JJ3fig 
Nickel mgfkg 
Parathion ug/kg 
Phenanthrene ug/kg 
Pyrene ugkg 
Selenium mg/kg 
Silver m a g  
2,4,5-T ugikg 
2,4,5-TP (Silvex) ugkg 
Total Petroleum Hydrocarbons mgkg 
Tetrachloroethene ugikg 
Thallium mgkg 
Tin mglkg 
Toluene u!?/kg 
1,2,3-Tnchloropropane ua/kg 
Trichloroethene usfl t~ 
Vanadium mgkg 
Xylene (total) 'Jglkg 
Zinc m f l g  

u g k g  - rnrcrogram per kilogram 
ngikg - nanogram per kilogram 
ND - Not detected 
NDA - No data available 

SWMU 14 
Surface Subsurface 

Soil Soil 

4 73 ND 
0.2 0.24 

ND ND 
ND ND 
44 6 ND 
ND ND 
26.7 ND 
ND ND 
690 ND 

1000 162 
6.2 16  
1.8 ND 

17.5 17.5 
13.1 ND 
150 220 

ND ND 
0.55 ND 
ND ND 
57 7 17.2 
91 2 ND * 
ND ND 
71.9 74 
5.5 4.4 
103 90 8 

SWMU 15 
Surface Subsurface 

Soil Soil 

506 438 
016 025 
ND ND 
ND ND 
ND ND 
ND ND 
16 5 13.2 
26 4 ND 
571 ND 

1085 120 
1.2 I 

ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 
ND ND 

9 4.5 
ND ND 
ND ND 
51.7 62.3 
ND ND 

166 5 86.2 

AOC 670 
Surface Subsurface 

Soil Soil 

418 893 
0.16 0.86 
13.5 ND 

29 51 
260 ND 
585 ND 
29 23.4 

24.1 ND 
18250 6 4 
22800 28 1 

2.3 3.5 * 
ND ND 
ND 25.1 
23.8 57 5 
ND NI) 
ND ND 
1.4 ND 

ND ND 
116 60.1 
ND ND 
ND ND 
68.3 84.4 
4.6 2.8 
95 98 9 

AOC 684 
Surface Subsurface 

Soil Soil 

ND ND 
0.24 0 24 
12.6 I t  8 
212 448 * 
524 ND * 
550 ND 
23 15 1 

37 5 35 9 
14000 ND 
22000 265 

2.7 2.1 
ND ND 
18.6 13 7 
26.3 34 

7700 13400 
1.4 ND 
2.9 0.86 
81 60.1 

143 66 
ND ND 
ND 2.9 

72 81 7 
9.3 8 9 
180 97.9 

Cround- 
water 

Protection 
SSL 

1412 
3 

62000 
10 

300 
3000 

33.38 
390 

98000 
140000 

3 
NDA 
3300 

120000 
NDA 

40 
1 3  

NDA 
5000 

0.006 
20 

131.6 
74000 
4200 

Detected 
n Ground 

water 

I1 

1 

II(x) 

11 



Table 5.5.2 
Contaminants Detected in Groundwater and Surface Water 
Groundwater Comparison to the Tap Water Risk-based Concentrations or Grid-based Background UTLs 
NAVBASE - Charleston, Zone H, SWMU 14 

Conc. Maximum 
Detected Conc. 

Ground in Surface RBC or Water RBC or 

ioxin (TCDD TEQ) 
s(2-Ethylhexyl)phthalate (BE 

* - See Table 5.2.1 
RBC - Risk Based Concentration 
UTL - Background Upper Tolerance Limit 
GSI - Shallow groundwater, round 1 
GS2 - Shallow groundwater, round 2 
SW - Surface water 
ND - Not detected 
ug/L or p& - microgram per liter or picogram per liter 



TABLE 5.5.3 
Soil-to-Air Volatilization Screening Analysis for SWMU 14; 15, and AOCs 670 and 684 
NAVBASE - Charleston Zone H 
Charleston, South Carolina 

* - Soil-to-air RBCs were obtained from USEPA Region 111 Risk-based Concentration Tables, March 1995. 
+ - Screening value presented for 2-butanone was conservatively estimated at 10,000 mg/kg; actual 

may be higher. 
# - Chloroform soil-to-air screening level applied as a surrogate 
ND - Not detected 

VOCs 

Acetone 
2-Butanone 
Carbon disuIfide 
Dibromochloromethane 
I ,  1-Dichloroethene 
Methylene chloride 
Tetrachloroethene 
Toluene 
1,2,3-Trichloropropane 
Xylenes (total) 

P 
Maximum Concentration in Surface Soil 

SWMU SWMU AOC AOC 
14 15 670 684 

ND 0.069 0.078 0.0974 
0.0046 ND ND 0.0039 
0.0034 ND 0.0035 0.0012 

ND ND 0.007 ND 
0.0025 ND ND 0.0022 

ND ND 0.029 0.212 
ND ND ND 0.0014 

0.0577 0.009 0.1 16 0.143 
0.09 12 ND ND ND 
0.0055 ND 0.0046 0.0093 

Soil to 
Air Exceeds 

SSL * Units SSL 

62000 MGKG NO 
1000 + MGKG NO 

1 1  MGKG NO 
0.2 # MG/KG NO 

0.04 MGKG NO 
7 MGIKG NO 

1 1  MGKG NO 
520 MGKG NO 

3E-05 MGKG YES 
730 MGKG NO 



Table 5.5.4 
Chemicals Detected in Surface Soil and Sediment for SWMU 14 (includes SWMU 15, AOCs 670 and 684 
NAVBASE-Charleston, Zone H 

32.5 24.5 m@.g 

Benzo(a)pyrene Equiv. 17680 201.1ugkg 

YES YES 45.8 43.8 mgkg 

6.7 25.3 ug/kg 

ug/kg - microgram per kilogram 
mgkg  - milligram per kilogram 
ng/kg - nanogram per kilogram 



Table 5.5.5 
Significant Migration Pathways for SWMUs 14, 15 and AOCs 670,684 
NAVBASE-Charleston. Zone H 

* - Ecological impacts 
** - Areal extent of contaminantion reduces significance 
Sediment impacts evaluated in Section 7.0 Ecological Risk Assessment 
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5.6 SWMU 17 

SWMU 17 is the site of an underground fuel pipe that ruptured beneath Building FBM 61 in 

1987, releasing an unknown volume of oil. The area where the release occurred, to the north 

and west of the former building, is capped with asphalt and concrete (Figure 4.4.1). The area 

east of the building extension is unpaved and grassy. The presence of fiee-phase product in the 

environmental medium as a result of the release would affect no& fate and transport dynamics 

based on different soil characteristics. A tight marsh clay was identified underlying the entire 

study area. The presence of this clay layer may be sufficient to prevent the vertical penetration 

of constituents to deeper saturated zones. Specifically, if a significant volume of product 

migrates vertically through the thin layer of silty, sandy soil to the top of the clay layer and 

begins to pool, horizontal migration of this mass becomes a dominant migration component. 

Detailed evaluation relied on available site-specific information to support fate and transport 

conclusions for SWMU 17. Surface soil, subsurface soil, and shallow and deep groundwater 

samples were collected from SWMU 17. 

Migration pathways for constituents detected at SWMU 17 include soil to groundwater and 

groundwater to surface water. Groundwater is expected to move north from the site toward the 

Cooper River. The rate of the vertical migration of contaminants from soil under the paved area 

to groundwater is expected to be less than the vertical migration in unpaved areas due to the 

pavement which prevents infiltration of water. No surface water or sediment features are 

present near SWMU 17; therefore, fate and transport within these media were not evaluated for 

S WMU 17. Surface water impacts resulting from migration of constituents in groundwater were 

evaluated based on the Cooper River as the receiving water body. 

5.6.1 SWMU 17 - Soil-to-Groundwater Cross-Media Transport 

Table 56.1 compares constituents found in soil and shallow groundwater to groundwater 

protection risk-based SSLs, tap water RBCs , and background UTLs. Chlorobenzene , 

1,3-dichtorobenzene, 1,4-dichlorobenzene, and 1,2,4-trichlorobenzene are highlighted as 
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soil-to-groundwater migration concerns based on their presence in soil and groundwater above 

the groundwater protection SSLs and tap water RBCs. All four contaminants were detected in 

monitoring well NBCHO17002 at concentrations above the tap water RBCs. Chloroknzene was 

also detected above the tap water RBC in monitoring well NBCHOl7003. These findings 

suggest an impact to the shallow aquifer due to soil concentrations of chlorobenzene, 

1,3dichlorobenzene, 1,4dichlorobenzene, and 1,2,4-trichlorobenzene; however, this 

contamination appears to be isolated to the center of SWMU 17. 

Quantitative screening also produced four additional constituents (Aroclor-1260, 4,4'-DDE, 

2,4-dichlorophenol, and bis(2-ethyhexy1)phthalate) that were detected in soil above the 

groundwater protection SSLs. Aroclor-1260 was detected above the SSL of 8,200 pglkg at 

sample locations 017SB002, 017SB006, and 017SB020 with the maximum detected soil 

concentration of 245,000 pglkg at location 017SB002 in the deep interval. Aroclor-1260 was 

not detected in SWMU 17 shallow groundwater. These frndings indicate that Aroclor-1260 has 

the potential for isolated impacts to the shallow aquifer although this has not currently been 

confirmed. 4,4'-DDE and 2,4-dichlorophenol were detected infrequently above their 

groundwater protection SSLs and were not detected in SWMU 17 shallow groundwater. Based 

on the limited impacts to soil above a conservative groundwater protection SSL and absence 

from groundwater, S WMU 17 soil concentrations of 4,4'-DDE and 2,4-dichlorophenol are not 

likely to impact the shallow aquifer. bis(2-Ethylhexy1)phthalate was detected in soil marginally 

above a conservative groundwater protection SSL in one subsurface soil sample and in shallow 

groundwater at a concentration below the tap water RBC. Although this suggests the potential 

for isolated impact to the shallow aquifer, the limited extent of soil contamination indicates a 

widespread impact to be unlikely. It should be noted that bis(2-ethylhexyl)phthalate is a common 

laboratory contaminant and conclusion regarding soil to groundwater migration should be 

considered in light of this uncertainty. 
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5.6.2 SWMU 17 - Groundwater-teSurface Water Cross-Media Transport 

Seven contaminants mnzidine , chlorobenzene , chromium, 1,2-dichlorobelzzene , 

1,3-dichlorobenzene, 1,4-dichlorobenzene , and 1,2,4-trichlorobenzene) exceeded the tap water 

WCs in SWMU 17 shallow groundwater. No surface water was sampled during the SWMU 17 

RFI. The Cooper River, the closest surface water body to SWMU 17, will be investigated as 

part of the Zone J RFI. Monitoring well NBCH017002 had detected concentrations of 

chlorobenzene (4,750 yglL), 1,2dichlorobenzene (1 10 pg/ L), 1,3-dichlorobenzene (750 pgIL), 

1,4-dichlorobenzene (1,100 pgIL), and 1,2,4-trichlorobenzene (1,000 pgIL) in shallow 

groundwater, significantly exceeding their respective tap water RBCs. Other impacted 

monitoring wells include NBCH017001, with a chromium concentration of 40 pg/L, which is 

above the tap water RBC of 18 pg/L; and NBCH017005, with a benzidine concentration of 

56 pglL (first quarter only), which exceeds the tap water lU3C of 0.00029 pg/L. 

Groundwater travel time from SWMU 17 to the Cooper River has been estimated at 44 years. 

Benzidene is the most mobile organic compound of the contaminants that exceed tap water RBCs 

in SWMU 17 shallow groundwater based on its ability to partition to water. Applying a 

retardation factor of 4 results in a predicted travel time of approximately 176 years for 

benzidine. Based on the isolated nature of the groundwater contamination at SWMU 17, the 

predicted travel times to surface water (not considering the attenuative capacity of the aquifer 

matrix), and the dilutional capacity of the receiving stream, no significant surface water impacts 

are expected. The Zone J RFI will serve to affirm this conclusion. 

5.6.3 SWMU 17 - Soil-to-Air Cross-Media Transport 

Table 5.6.2 lists the VOCs detected in surface soil samples collected at SWMU 17, along with 

corresponding soil-to-air volatilization screening levels. The maximum surface soil concentration 

of no VOC exceeded its corresponding soil-to-air volatilization screening levels. As a result, 

the soil-to-air migration pathway would not be expected to be significant at the site. 

5.6.4 SWMU 17 - Fate and Transport Summary 

Table 5.6.3 lists all the contaminants found to be significant in terms of fate and transport with 

a notation of the significant migration pathways for each contaminant. 



Table 5.6.1 
Chemicals Detected in Soil and Groundwater 
Comparison to Groundwater Prqtection SSLs, Tap Water RBCs and Background UTLs for SWMU 17 
NAVBASE-Charleston. Zone H 

Surface surface Water Exceeds Ground 
Soil Protection Water Water 

210 20000 ugkg 

14500 30100 46180mgkg 

ND 0.0087 ug/L 
180000 245000 ND 0.0087 ug/L 

7.9 25.6 35.52 m@g 4.9 27.99 u& 
23.5 25.7 

ND 0.00 1 1 ugkg 56 0.00029 u g L  
66.7 ND 98000 u& 

220.301 0.133 4000 ugkg ND 0.0092 ug,L 
215 99.1 28000 ugkg 

tylbenzylphthalate 130 ND 
4.7 0.29 

12.3 ND 

35 47.3 85.65 mgkg 

5.7 14.88 mgkg 

19.5 31.62 rng/kg 

1 10 12000 ug/kg 
131 12000 ugkg 

-Dichlorobenzene 
43.6 6680 
ND 5840 

317 lEM8 ugkg 

127.03 13 53.9209 

830 11300 11000 u g k g  

470 98000 ugkg 
140 16000 ugkg 

ND 0.0066 ugiL 



Table 5.6.1 
Chemicals Detected in Soil and Groundwater 
Comparison to Groundwater Prqtection SSLs, Tap Water RBCs and Background UTLs for SWMU 17 
NAVBASE-Charleston, Zone H 

Sub- Ground 
Surface surface Water Exceeds Ground 

Soil Protection Water Water 

Methylnaphthalene 

10.2 33.38mgkg 
510 98000 ugkg 
300 140000 ugkg 

34.4 ND 

Total Petroleum Hydrocarbons 
9.6 ND 

1,2,4-Trichlorobenzene ND 49600 
Trichloroethene 1.8 ND 
2,4,5-Trichlorophenol ND 12000 ug/kg 

61.6 66.4 1 3 1 . 6 m g k g  

* - See Table 5.2.1 
SSL - Soil Screening Level 
RBC - Risk-based Concentration 
UTL - Background Upper Tolerance Level 
uglkg or mglkg - microgram per kilogram or milligram per kilogram 
ugiL or pg1L - microgram per liter or picogram per liter 
nglkg - nanogram per kilogram 
ND- Not detected 
NA - Not available 



TABLE 5.6.2 
Soil-to-Air Volatilization Screening Analysis for SWMU 17 
NAVBASE - Charleston Zone H 
Charleston, South Carolina 

* - Soil-to-air RBCs were obtained from USEPA Region 111 Risk-based Concentrat 
Tables. March 1995. 



Table 5.6.3 
Significant Migration Pathways for S WMU 17 
NAVBASE-Charleston, Zone H 

Parameter 

Aroclor- 1 260 
Benzidine 
Chlorobenzene 
1,2-Diclorobenzene 
1,3-Diclorobenzene 
1,4-Dichlorobenzene 
1,2,4-Trichlorobenzene 

SWMU 17 SWMU 17 SWMU 17 
Soil to Ground 

Ground Water Soil to 
Water Migration Air 

X 
X 

X X 
X 

X X 
X X 
X X 
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5.7 SWMU 159 

SWMU 159, near building 665 in the southcentral portion of Zone H i  is a former SAA used for 

the temporary storage of hazardous materials such as batteries, aerosol cans, and paint. An AST 

containing diesel fuel, a can crusher, and scattered debris were also at this SWMU. Migration 

pathways for SWMU 159 include soil to groundwater, surface soil to air, and surface soil to 

sediment/surface water. Surface soil, subsurface soil, surface water, and sediment samples were 

collected from SWMU 159. 

5.7.1 SWMU 159 - Soil-to-Groundwater Cross-Media Transport 

Table 5.7.1 compares constituents detected in SWMU 159 soil to risk-based SSLs and 

background UTLs. No groundwater samples were collected Erom SWMU 159 with which to 

conduct qualitative screening for the soil-to-groundwater migration pathway. Quantitative 

screening identified four constituents (barium, copper, selenium, and trichloroethene) that 

marginally exceeded their soil screening criteria. These constituents were detected above the 

groundwater protection SSLs or background UTLs in only one or two soil samples apiece. The 

limited presence of these constituents at concentrations slightly above conservative screening 

levels would not be expected to threaten the shallow aquifer. These frndings indicate that 

SWMU 159 soil concentrations are protective of the shallow aquifer. 

5.7.2 SWMU 159 - Surface Soil-to-Sediment/Surface Water 

Table 5.7.1 summarizes the soil and sediment concentrations for SWMU 159. Numerous 

organics and inorganics were detected in both media at similar concentrations. This suggests 

that surface soil erosion forming sedimentary deposits in the adjacent tidal estuary may be 

significant in terms of fate and transport. Three constituents (bis[2ethylhexyl]phthalate, 

heptachlor, and heptachlor epoxide) were detected in sediment at a significantly higher 

concentration than in surface soil. 2-Butanone and butylbenzylphthalate were detected in 

sediment only and cannot be related to a potential surface soil source. 
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No constituents were detected in surface water samples collected for SWMU 159 above 

salt-water chronic WQC. These findings suggest that surface soil concentrations are protective 

of the surface water environment included as part of the SWMU 159 RFI. Section 7 addresses 

any potential ecological impact for SWMU 159. 

5.7.3 SWMU 159 - Soil-to-Air Cross-Media Transport 

Table 5.7.2 lists the VOCs detected in surface soil samples collected at SWMU 159, along with 

corresponding soil-to-air volatilization screening levels. No VOC's maximum surface soil 

concentration exceeded its corresponding soil-to-air volatilization screening level. As a result, 

the soil-to-air migration pathway would not be expected to be significant at the site. 



Table 5.7.1 
Chemicals Detected in Soil, Sediment and Surface Water 
Soil Comparison to Groundwater Protection SSL and Background UTLs 
NAVBASE-Charfeston, Zone H, SWMU 159 

Sub- Ground 
Surface Surface Water 

47.1 81.2 
Benzo(g,h,i)perylene ND ND 
Benzo(a)pyrene Equivalents 127.45 30.14 

ND ND 
ND ND 

72.3 68.1 

46.1 16.2 
284.39 ND 

20.2 ND 

130 1200 98000 

307 247 
0.15 0.13 
16.3 20.6 

0.53 0.33 
53.5 ND 

62.6 65.3 
101 69.8 

* - See table 5.2-1 
uglkg or mglkg - microgram per kilogram or milligram per kilogram 
ug/L or pg/L - micrgram per liter or picogram per liter 
ng/kg - nanogram per kilogram 
NA - Not available 
ND - Not detected 
The groundwater protection SSL for 2-methylcresol was used a s  a suurrogate for total cresols. 



TABLE 5.7.2 
Soil-to-Air Volatilization Screening Analysis for AOC 159 
NAVBASE - Charleston Zone H 
Charleston, South Carolina 

62000 MGKG 
Methylene chloride 

* - Soil-to-air RBCs were obtained from USEPA Region 111 Risk-based Concentrat 
Tables, March 1995. 
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5.8 S W M U  178 

SWMU 178 is the site of a transformer oil leak from an underground transformer vault 

approximately 50 feet south of Building X33-A. A fuel oil UST is approximately 30 feet 

north/northeast of the transformer vault. A portion of the SWMU 178 area is covered with 

asphaltlconcrete. However, the area within the fence immediately surrounding the transformer 

vault was not paved and contained little vegetation. Migration pathways for SWMU 178 include 

soil to groundwater, surface soil to air, and groundwater to surface water. The Cooper River 

is the closest potential surface water receptor for SWMU 178. 

5.8.1 S W M U  178 - Sod-to-Groundwater Cross-Media Transport 

Table 5.8.1 compares constituent concentrations to groundwater protection SSLs, tap water 

RBCs andlor background UTLs. Thallium was detected in soil at concentrations exceeding its 

background UTL. Antimony and petroleum hydrocarbons were detected in soil, but in the 

absence of a groundwater protection SSL for these constituents, the soil-to-groundwater 

quantitative screening was not performed. The maximum detected concentration (37,000 rngikg) 

of TPH in S W M U  178 soil occurred near the UST. No constituents detected in S W M U  178 soil 

were detected in excess of the tap water RBC or background UTL in SWMU 178 shallow 

groundwater. This indicates that SWMU 178 soil is protective of the shallow aquifer, although 

TPH soil concentrations would suggest a potential threat to ground water. 

5.8.2 SWMU 178 - Groundwater-to-surface Water Cross-Media Transport 

A number of inorganics but no organic compounds were detected in SWMU 178 groundwater. 

Bis(2-ethylhexy1)phthalate was detected in one of two duplicate samples collected in 

NBCH178001 during second-quarter sampling. Based on review of associated QNQC results 

and those of the other replicate, the hit is suspect. As a result, bis(2-ethylhexy1)phthalate 

transport in groundwater was not evaluated. No constituent was detected in shallow groundwater 

above the tap water RBC or background UTL. SWMU 178 has no surface water feature 

present, so qualitative screening was not performed for the groundwater-to-surface water 
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migration pathway. The Cooper River, the closest surface water body to SWMU 178, will be 

investigated as part of the Zone J RFI. Groundwater travel time from SWMU 178 to the 

Cooper River is estimated to be 107 years. Based on groundwater impacts limited to inorganics, 

the predicted travel times to surface water (not considering the attenuative capacity of the aquifer 

matrix) and the dilutional capacity of the receiving stream, no significant surface water impacts 

are expected. The Zone J RFI will affirm this conclusion. 

5.8.3 SWMU 178 - Soil-to-Air Cross-Media Transport 

Table 5.8.2 lists the single VOC (toluene) detected in surface soil samples collected at 

SWMU 178, along with its corresponding soil-to-air volatiiization screening level. The 

maximum surface soil concentration of toluene did not exceed its corresponding soil-to-air 

volatilization screening level. As a result, the soit-to-air migration pathway would not be 

expected to be significant at the site. 



Table 5.8.1 
Chemicals Detected in Soil and Groundwater 
Comparison to Groundwater Protection SSLs, Tap Water RBCs and Background UTLs for SWMU 178 
NAVBASE-Charleston. Zone h 

Sub- Ground 

Soil Soil Protection Water Water Water Protection 
RBC or SSL or 

8.7 35.52 mgkg 5.25 27.99 ug/L 

ND 0.052 u g / ~  

1 . 1  14.88 mglkg 

I0 1000 ugikg 

226 1E+O8 ugkg 

ND 0.03 
ND 20.8 33.38 mglkg 

1 I0 ND 98000 ugkg 

290 270 140000 ugkg 

tal Petroleum Hydrocarbons 900 37000 

1 I 8.95 5000 ug/kg 
16.8 25.4 131.6 mpikg 

5 .1  74000 ugkg 

* - See Table 5.2.1 
uglkg or m&g - microgram per kilogram or milligram per kilogram 
ug/L or pg/L - microgram per liter or picogram per liter 
nglkg - nanogram per kilogram 
NA - Not available 
ND - Not detected 



TABLE 5.8.2 
Soil-to-Air Volatilization Screening Analysis for AOC 178 
NAVBASE - Charleston Zone H 
Charleston, South Carolina 

* - Soil-to-air RBCs were obtained from USEPA Region III Risk-based Concentrat 
Tables, March 1995. 
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5.9 AOC 653 

AOC 653 is a hydraulic fluid storage tank at the west end of Building 1508 that is no longer in 

service due to a suspscted leak. The entire area of AOC 653 is covered with asphalt andlor 

concrete. Migration pathways evaluated for AOC 653 include soil to groundwater, surface soil 

to air, and groundwater to surface water. Migration of contaminants along these pathways at 

AOC 653 are expected to be minimal due to the presence of the asphaltfconcrete cover. Surface 

soil, subsurface soil and groundwater samples were collected near AOC 653 as part of the 

Zone H RFI. 

5.9.1 AOC 653 - Soil-to-Groundwater Cross-Media Transport 

Table 5.9.1 compares constituent concentrations to groundwater protection SSLs, tap water 

RBCs, and background UTLs. Acrylonibile, barium, lead, methyl parathion, and 4-nitrophenol 

were detected in soil at concentrations exceeding groundwater protection SSLs or background 

UTLs. Acrylonitrile and methyl parathion were not detected in either AOC 653 subsurface soil. 

4-Nitrophenol was detected in one subsurface soil sample. Lead and barium were detected over 

their background UTLs in only one or two soil samples. Acrylonitrile, barium, lead, methyl 

parathion, and 4-nitrophenol were not detected in AOC 653 shallow groundwater. Although 

conservative screening indicates potential for isolated soil to groundwater migration the limited 

extent of these constituent in AOC 653 soil and their absence from shallow groundwater suggest 

that significant migration is unlikely. Total petroleum hydrocarbons were detected in soil at a 

concentration of 42,000 rngfkg, but in the absence of an SSL for this constituent, the 

soil-to-groundwater quantitative screening was not performed. 

5.9.2 AOC 653 - Groundwater-to-Surface Water Cross-Media Transport 

Arsenic was detected in AOC 653 shallow groundwater at a concentration of 34.5 pg/L, which 

is above the background UTL (27.99 pg/L) and the maximum contaminant level (MCL) 

(5 pg/L). Considering soil's neutral to high pH, arsenic is expected precipitate and sorb to the 

soil matrix rather than migrate in groundwater. AOC 653 has no surface water feature present 
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so qualitative screening was not performed for the groundwater-to-surface water migration 

pathway. The Cooper River is the closest surface water body to AOC 653, and will be 

investigated as part of the Zone J RFI. Groundwater travel time from AOC 653 to the 

Cooper River is estimated to be 171 years. Based the predicted travel times to surface water 

(not considering the attenuative capacity of the aquifer matrix) and the dilutional capacity of the 

receiving stream, no significant surface water impacts are expected. The Zone J RFI will affirm 

this conclusion. 

5.9.3 AOC 653 - Soil-to-Air Cross-Media Transport 

Table 5.9.2 lists the VOCs detected in surface soil samples collected at AOC 653 along with 

corresponding soil-to-air volatilization screening level. No VOC's maximum surface soil 

concentration compound exceeded its corresponding soil-to-air volatilization screening level. A 

conservative soil-to-air screening value of 10,000 mglkg was used for 2-butanone. As a result, 

the soil-to-air migration pathway would not be expected to be significant at the site. 



Table 5.9.1 
Chemicals Detected in Soil and Groundwater 
Comparison to Groundwater Protection SSLs, Tap Water RBCs and Background UTLs for AOC 653 
NAVBASE-Charleston, Zone H 

Sub- Ground 
Surface surface Water 

Soil Protection Water Water Water Protection 

800 uglkg ND 
23.9 ND 0.04 ugkg ND 

4580 13400 46180 mgikg 248 3700 ugiL 
88 ND 8200 ugkg ND 0.0087 uf l  

71 ND 8200 ugkg ND 0.0087 ugn 

171.6 4000 uglkg ND 0.0092 ufl 

0.39 0.75 180 mgkg ND 0.016 ugn 
5 36600 uglkg ND 

570 ugkg ND 
I10 ND 6800 ugkg ND 

0.94 ND 6 mg/kg ND 
2 ND 2000 ugkg ND 0.052 ugn 

4.9 14.88 mgkg ND 
18 31.62 mgkg ND 
9 700 ugkg ND 

ND 1000 ugkg 
ioxin (TCDD TEQ) 43.415 8.677 280 ngkg ND 

110 11OOOug/kg ND 
260 98000 ugkg ND 

441 ND 16000 ugkg ND 
I18 mgkg ND 

418 1412 mgkg 
0.22 0.24 3 mgkg ND 
33.2 ND 4.1 ugkg ND 

900 ugkg ND 
1520 ND 3000 ugkg ND 
260 ND 600 ugkg ND 
739 ND 3000 ugkg ND 

8.3 33.38 mgkg ND 
2500 1670 ugkg ND 

200 98000 ugkg 

7 5000 ugikg ND 
39.9 131.6 mgkg 

2.2 ND 74000 ugkg ND 
78.8 4200 mg/kg ND 

* - See Table 5.2-1 
SSL - Soil Screening Level 
RBC - Risk-based Concentration 
UTL - Upper Tolerance Level 
ugkg or mgkg - microgram per kilogram or milligram per kilogram 
ug/L or pg/L - microgram per liter or picogram per liter 
ngfkg - nanogram per kilogram 
ND - Not detected 
NA - Not available 



TABLE 5.9.2 
Soil-to-Air Volatilization Screening Analysis for AOC 653 
NAVBASE - Charleston Zone H 
Charleston, South Carolina 

* - Soil-to-air RBCs were obtained from USEPA Region 111 Risk-based Concentrat 
Tables, March f 995. 

+ - Screening value presented for 2-butanone was conservatively estimated at 
10,000; actual may be higher. 
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5.10 AOC 655 

AOC 655 is the site of a 1985 fuel line rupture that released approximately 300 gallons of No. 2 

fuel oil. The fuel line supplied the Building 656 boiler from a nearby 5,800-gallon UST. A 

large portion of the site is covered with asphalt or concrete. The southern end of the building 

is a loading dock with a paved parking area. A small area between Building 656 and the UST 

is covered with grass and gravel. Remaining portions of the site are covered with grass and a 

sidewalk. Migration pathways for AOC 655 include soil to groundwater, surface soil to air and 

groundwater to surface water. Movement of contaminants with sediment and/or surface water 

is not likely due to the absence of any defined drainage feature at the AOC and the fact that most 

of the AOC is covered with either grass, asphalt, or concrete. Surface soil, subsurface soil and 

groundwater samples were collected at AOC 655. 

5.10.1 AOC 655 - Soil to Groundwater Cross Media Transport 

Table 5.10.1 compares constituent concentrations to groundwater protection SSLs, tap water 

RBCs, and background UTLs. Acetone, aldrin, copper, dieldrin, lead, and methylene chloride 

were detected in soil at concentrations exceeding groundwater protection SSLs or background 

UTLs. Acetone, aldrin, copper, dieldrin, lead and methylene chloride were not detected in 

AOC 655 shallow groundwater. Copper and lead were detected above the background UTLs 

in only one or two soil samples and are therefore not considered a significant migration threat. 

Acetone, dieldrin, and aldrin were detected above groundwater protection SSLs in only one or 

two soil samples. Although conservative screening has indicated the potential for isolated soil 

to groundwater migration, the limited extent of acetone, dieldrin, and aldrin in soil and their 

absence from groundwater suggest that this is not likely to a significant process. Total 

petroleum hydrocarbons were detected in soil, but in the absence of SSLs for these constituents, 

the soil-to-groundwater quantitative screening was not performed for these compounds. 

Methylene chloride was detected above a conservative groundwater protection SSL in 7 of 10 

surface and 4 of 4 subsurface soil samples, however, methylene chloride was not detected in 

AOC 655 shallow groundwater. Although the potential exists for methylene chloride soil to 
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groundwater migration this does not appear to be a significant process. It should be noted that 

methylene chloride is a common laboratory con t amhat  and subsequent quarterly groundwater 

sampling should be reviewed to c o d m  fate and transport conclusions. 

5.10.2 AOC 655 - Groundwater-to-Surface Water Cross-Media Transport 

Arsenic and gamma-chlordane were detected in shallow groundwater at concentrations 

marginally above the tap water RBCs or background UTLs. Considering soil's neutral to high 

pH, arsenic is expected precipitate and sorb to the soil matrix rather than migrate in 

groundwater. Considering a K, value of 49,500, gamma-chlordane is expected to sorb to the 

soil matrix rather than migrate in groundwater. AOC 655 has no surface water feature, so 

qualitative screening was not performed for the groundwater-to-surface water migration pathway. 

The Cooper River, the closest d a c e  water body to AOC 655, will be investigated as part of 

the Zone J RFI. Groundwater travel time from AOC 655 to the Cooper Nver is estimated to 

be 171 years. Based on the predicted travel times to surface water (not considering the 

attenuative capacity of the aquifer matrix) and the dilutional capacity of the receiving stream, 

no significant surface water impacts are expected. 

5.10.3 AOC 655 - Soil-to-Air Cross-Media Transport 

Table 5.10.2 lists the VOCs detected in surface soil samples collected at AOC 655, along with 

corresponding soil-to-air volatilization screening level. No VOC's maximum surface soil 

concentration exceeded its corresponding soil-to-air volatilization screening level. A 

conservative soil-to-air screening value of 10,000 mg/kg was used for 2-butanone. As a result, 

the soil-to-air migration pathway would not be expected lo be significant at the site. 



Table 5.10.1 
Chemicals Detected in Soil and Groundwater 
Comparison to Groundwater Protection SSLs, Tap Water RBCs and Grid-based Background UTLs 
NAVBASE-Charleston, Zone H, AOC 655 

Ground Tap 

NO YES 
ND 0.004 UGL NO YES 

15300 6640 46180 MGKG 1750 3700 UG/L 
ND 430000 UGKG 
180 8200 UGKG ND 0.0087 UGL 

750 8200 UGKG ND 0.0087 UGL 
2.8 35.52 MGKG 42.3 27.99 U G L  

19.9 4 3 . 8 M M G  
ND 98000 UGKG 

ND 4000 UGKG ND 0.0092 UGL 
0.91 0.21 180MGKG ND 0.016UGiL 

ND 6800 UGKG 
6 MGKG ND 

9 2000 UGKG 0.04 0.052 UGL 

22 2000 UGKG 0.06 0.052 UGL 
9.2 85.65 MG/KG ND 

1 14.88 MGKG ND 
1 . 1  31.62MGIKG ND NO YES 

N A  MGKG ND 

25 1000 UGKG 
ND 12000 UGiKG 

ND 0.0042 UGL NO YES 
0.81 84 1.2986 

ND 11OOOUGKG 
ND 98000 UGKG 
ND 16000 UGKG 

ND 0.0023 UGL 
ND 0.0012 UGL 

118 MGKG ND NO YES 
382 40.3 1412 MGKG 578 3391 UGL 

3 MGIKG ND 
NO YES 

2 33.38 MGiKG ND 
ND 98000 1JGKG 

ND 140000 UGiKC 

3 MGKG ND 
Petroleum Hydrocarbons 

5 5000 UGKG 
10.2 131.6MGiKG 

* - See Table 5.2-1 
ugntg - micrograms per kilogram 
mglkg - milligrams per kilogram 
ng/kg - nanograms per kilogram 
ug,& - micrograms per liter 
p a  - picograms per liter 
NA - Not available 
ND - Not detected 



TABLE 5.10.2 
Soil-to-Air Volatilization Screening Analysis for AOC 655 
NAVBASE - Charleston Zone H 
Charleston, South Carolina 

* - Soil-to-air RBCs were obtained fIom USEPA Region 111 Esk-based Concentration 
Tables, March 1995. 

+ - Screening value presented for 2-butanone was conservatively estimated at 
10,000; actual may be higher. 
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5.11 AOC 656 

AOC 656 is the site of a 1974 oil spill between Buildings 602 and NS-71. This site comprises 

a grassy area with a bermed AST surrounded by shrubbery. Surface soil, subsurface soil, and 

groundwater samples were colkcted at AOC 656. Migration pathways at AOC 656 include soil 

to groundwater, surface soil to air and groundwater to surface water. Groundwater flow from 

the area of AOC 656 (based on Figure 3.6) is radial, suggesting AOC 656 is the area of a 

groundwater high and groundwater flows from this area in all directions, Transport of 

contaminants by sediment movement or surface water flow are not expected migration pathways 

due to absence of any surface drainage features and the vegetative cover present over the entire 

site. 

5.11.1 AOC 656 - Soil-to-Groundwater Cross-Media Transport 

Table 5.1  1.1 compares constituent concentrations to groundwater protection SSLs, tap water 

RBCs, and background UTLs. Screening revealed no constituents detected above the 

groundwater protection SSLs or the background UTLs. Petroleum hydrocarbons (1,900 mg/kg , 
TPH) and tin were detected in soil, but in the absence of soil screening levels the 

soil-to-groundwater quantitative screening was not performed. AOC 656 soil concentrations are 

protective of the shallow aquifer. 

5.11.2 AOC 656 - Groundwater-to-Surface Water Cross-Media Transport 

Arsenic and chlorinated dibenzodioxinsldibe11zofurans were detected in shallow groundwater at 

concentrations above their tap water RBCs or background UTLs. Arsenic was detected at a 

concentration of 60 pg/L in monitoring well NBCH656003, which is above the grid-based 

background UTL of 27.99 pg/L and the MCL of 50 pg/L. Chlorinated 

dibenzodioxins/dibemofurm were detected at a concentration of 1.8 pg/L in monitoring well 

NBCH656001 which is above the tap water RBC of 0.5 pg/L. Considering soiI's neutral to high 

pH, arsenic is expected precipitate and sorb to the soil matrix rather than migrate in 

groundwater. Considering a K, value of 3,300,000, chlorinated dibenzodioxinsldibemfurans 
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are expected to sorb to the soil matrix rather than migrate in groundwater. AOC 656 has no 

surface water feature so qualitative screening was not performed for the groundwater-to-surface 

water migration pathway. The Cooper River, the closest surface water body to AOC 656, will 

be investigated as part of the Zone J RFI. Groundwater travel time from AOC 656 to the 

Cooper River is estimated to be 530 years. Based on the predicted travel time to surface water 

(not considering the attenuative capacity of the aquifer matrix) and the dilutional capacity of the 

receiving stream, no significant surface water impacts are expected. 

5.11.3 AOC 656 - Soil-to-Air Cross-Media Transport 

No VOCs were detected in surface soil samples at AOC 656. 



Table 5 .11 .1  
Chemicals Detected in Soil and Groundwater 
Comparison to Groundwater Protection SSLs, Tap Water RBCs and Background UTLs for AOC 656 
NAVBASE-Charleston, Zone H 

Exceeds Ground 
Ground Tap 

Protection Water Water Water Protection 

ND 430000 ugkg 
14.8 14.2 35.52 m&g 60 27.99 u g k  
25.8 20.7 43.8 mgikg 

ND 98000 ugkg 

208.164 0.23 4000 u@g ND 0.0092 u& 
0.92 0.89 ND 0.016ufi 

ND 2000 u&g ND 0.052 ug/L 
ND 2000 ugkg ND 0.052 u& 

41.8 33.7 85.65 mgkg 
4.8 14.88 m@g 

27.8 16.5 31.62 mgkg 

ND 1000 ugntg 

280 ngkg 1.7471 

110 98000 ugkg 

270 16000 ugkg  

40 30.6 
579 1412mghcg 835 3391 ug/L 

0.26 0.14 

780 98000 ufig 

280 140000 ugkg 

51.8  131.6 mg&g 
58.9 4200 mg&g 18.5 E 100 ug/L 

* - See Table 5.2.1 
ug/kg or mg/kg - microgram per kilogram or milligram per kilogram 
ug/L or pg/L - microgram per liter or picogram per liter 
ngkg - nanogram per kilogram 
NA - Not available 
ND - Not detected 
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5.12 AOC 659 

AOC 659 is a grass-covered site which contains a 30,000-gallon steel AST, that stored diesel 

fuel from 1958 until 1990. The tank is surrounded by a 5-foot-high earthen berm. Surface soil 

and subsurface soil samples were collected for AOC 659. Migration pathways for AOC 659 

include soil to groundwater, surface SOB to air, and groundwater to M a c e  water. No 

contaminant migration by sediment and/or surface water movement is expected due to the berm 

surrounding the AST. 

5.12.1 AOC 659 - Soil-to-Groundwater Cross-Media Transport 

Dieldrin, methylene chloride, 2-methylnaphthalene and naphthalene were detected in soil at 

concentrations above the groundwater protection SSLs. Based on review of blank data 

associated with soil sampling activities during the AOC 659 RFI, detections of methylene 

chloride in soil are suspect. The concentrations of the remaining constituents are only 

marginally above their respective groundwater protection SSLs. These findings indicate that no 

significant impact to the shallow aquifer exists for AOC 659 soil concentrations. Petroleum 

hydrocarbons and tin were detected in soil, but in the absence of SSLs for these constituents, 

the soil-to-groundwater quantitative screening was not performed. At the concentrations 

reported, neither petroleum hydrocarbons nor tin would be expected to significantly threaten the 

shallow aquifer underlying AOC 659. 

5.12.2 AOC 659 - Groundwater-to-Surface Water Cross-Media Transport 

No threat exists to the Cooper River as soil constituent concentrations are considered protective 

of the shallow aquifer. 

5.12.3 AOC 659 - Soil-&Air Cross-Media Transport 

Table 5.12.2 lists the VOCs detected in surface soil samples collected at AOC 659, along with 

corresponding soil-to-air volatilization screening levels. No VOC's maximum surface soil 

concentration compound exceeded its corresponding soil-to-air volatilization screening level. As 

a result, the soil-to-air migration pathway would not be expected to be significant at the site. 



Table 5.12.1 
Chemicals Detected in Soil 
Comparison to Groundwater Protection Soil Screening Levels for AOC 659 
NAVBASE-Charleston, Zone H 

Maximum Maximu SSL or Soil SSL or 

mma-Chlordane 

Methy lnaphthalene 

* - See table 5.2.1 
ugikg or mglkg - microgram per kilogram or milligram per kiiogram 
ug/L or pg/L - microgram per liter or picogram per liter 
ngkg - nanogram per kilogram 
NA - Not available 
ND - Not detected 



TABLE 5.12.2 
Soil-to-Air Volatilization Screening Analysis for AOC 659 
NAVBASE - Charleston Zone H 
Charleston, South Carolina 

oncentratio Soif to 

0.00875 62000 M G X  
520 MGK 

* - Soil-to-air RBCs were obtained from USEPA Region I11 Risk-based Concentrati 
Tables, March 1995. 
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5.13 AOC 660 

AOC 660 is an area that was used to mix and rinse pesticides associated with mosquito control 

in the 1950s. The area of AOC 660 is completely covered with asphalt. Migration of 

constituents in the soil of AOC 660 is not expected due to the asphalt cover; however the 

soil-to-groundwater, surface soil-to-air and groundwater to surface water migration pathways are 

evaluated on a screening level. Surface soil, subsurface soil, and groundwater were sampled at 

AOC 660. 

5.13.1 AOC 660 - Soil-to-Groundwater Cross-Media Transport 

Table 5.13.1 compares constituents concentrations to groundwater protection SSLs, tap water 

RBCs, and background UTLs. Toxaphene was detected in one surface soil sample at 

concentrations marginally exceeding a conservative groundwater protection SSL. Toxaphene was 

not detected in AOC 660 shallow groundwater. Tin was detected in soil, but in the absence of 

an SSL soil-to-groundwater quantitative screening was not performed. No constituents detected 

in AOC 660 soil were detected in excess of the tap water RBCs or background UTLs in 

AOC 660 shallow groundwater. This indicates that AOC 660 soil is protective of the shallow 

aquifer. 

5.13.2 AOC 660 - Groundwater to Surface Water Cross-Media Transport 

Groundwater travel time from AOC 660 to the Cooper River is estimated to be 49 years. Based 

on the limited impact to AOC 660 shallow groundwater, the predicted travel time to surface 

water (not considering the attenuative capacity of the aquifer matrix) and the dilutional capacity 

of the receiving stream, no significant surface water impacts are expected. 

5.13.3 AOC 660 - Soil-to-Air Cross-Media Transport 

Table 5.13.2 lists the VOCs detected in surface soil samples collected at AOC 660, along with 

corresponding soil-to-air volatilization screening levels. No VOC's surface soil concentration 

compound exceeded its corresponding soil-to-air volatilization screening level. A conservative 

soil-to-air screening value of 10,000 mglkg was used for Zbutanone. As a result, the soil-to-air 

migration pathway would not be expected to be significant at the site. 



Table 5.13.1 
Chemicals Detected in Soil and Groundwater 
Comparison to Groundwater Protection SSLs, Tap Water RBCs and Background UTLs for AOC 660 
NAVBASE-Charleston, Zohe I3 

9550 3070 46180 mgkg 1940 3700 u& 
ND 35.52 mgkg 12.8 27.99 u& 

ND 0.052 u@ 

ND 2000 ugkg ND 0.052 u& 
ND 85.65mgkg 
ND 14.88 mgkg 

toxin (TCDD TEQ) 

ND 0.0023 ugiL 

ND 1412mgntg 108 3391 u& 

ND 33.38 mikg 

* - See Table 5.2.1 
uglkg or mgkg - microgram per kilogram or milligram per kilogram 
u g h  or pg/L - microgram per liter or picogram per liter 
ngkg - nanogram per kilogram 
NA - Not available 
ND Not detected 



TABLE 5.13.2 
Soil-to-Air Volatilization Screening Analysis for AOC 660 
NAVBASE - Charleston Zone H 
Charleston, South Carolina 

oncentratio Soil to 

0.0737 62000 MGKG 
0.0041 1OOOO + MGKG 

520 MG/KG 

* - Soil-to-air RBCs were obtained from USEPA Region 111 Risk-based Concentrati 
Tables, March 1995. 

+ - Screening value presented for 2-butanone was conservatively estimated at 
10,000; actual may be higher. 
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5.14 AOC 662 

AOC 662, formerly a gasoline service station and a billeting office, has two remaining steel 

USTs. The area around the UST surface pad is paved with concrete and asphalt. Migration 

pathways for AOC 662 include soil to groundwater, surface soil to air, and groundwater to 

surface water. Contaminant movement by sediment and/or surface water flow is not likely due 

to the coverage of asphalt and concrete. Surface soil, subsurface soil, and groundwater were 

sampled at AOC 662. 

5.14.1 AOC 662 - Sod-to-Groundwater Cross-Media Transport 

Table 5.14.1 compares constituent concentrations to groundwater protection SSLs, tap water 

RBCs, and background U T h .  Cobalt was detected in soil at concentrations exceeding the 

background UTL in a single soil sample. Cobalt was not detected in AOC 662 shallow 

groundwater. No constituents were detected in AOC 662 shallow groundwater above the tap 

water RBCs. AOC 662 soil does not present a threat to the shallow aquifer. 

5.14.2 AOC 662 - Groundwater-to-Surface Water Cross-Media Transport 

Groundwater travel time from AOC 662 to the Cooper River is estimated to be 200 years. 

Based on the limited impact to AOC 662 shallow groundwater, the predicted travel time to 

surface water (not considering the attenuative capacity of the aquifer matrix) and the dilutioaal 

capacity of the receiving stream, no significant surface water impacts are expected. 

5.14.3 AOC 662 - Soil-to-Air Cross-Media Transport 

Table 5.14.2 lists the VOC (acetone) detected in surface soil samples coIlected at AOC 662, 

along with its corresponding soil-to-air volatiIization screening level. The maximum surface soil 

concentration of acetone does not exceed its corresponding soil-to-air volatilization screening 

level. As a result, the soil-to-air migration pathway would not be expected to be significant at 

the site. 



Table 5.14.1 
Chemicals Detected in Soil and Groundwater 
Comparison to Groundwater Protection SSLs, Tap Water RBCs and Background UTLs for AOC 662 
NAVBASE-Charleston, Zon; H 

Sub- Ground 
Surface surface Water 

Soil Protection Water Water Water Protection 

3450 4330 46180 mgkg 

24.7 43.8 mgkg 
ND 4000 ugkg 

31.7 85.65 mgfkg 
12.9 22.1 14.88 mgkg 

2.7 31.62 m a g  

ND 1000 ugfkg 

ND 98000 ugkg 

88.9 I412 mgkg 629 3391 u@ 

12.1 33.38 mgkg 
ND 140000 ug/kg 

- See Table 5.2.1 
ug/kg or mg/kg - microgram per kilogram or milligram per kilogram 
ug/L or pg/l - microgram per liter or picogram per liter 
ng/kg - nanogram per kilogram 
NA - Not available 
ND - Not detected 



TABLE 5.14.2 
Soil-to-Air Volatilization Screening Analysis for AOC 662 
NAVBASE - Charleston Zone H 
Charleston, South Carolina 

Concentratio Soil to 

0.033 62000 MGIKG 

* - Soil-to-air RBCs were obtained from USEPA Region I11 Risk-based Concentrati 
Tables, March 1995. 
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5.15 AOC 663 (Includes SWMU 136) 

AOC 663 is a diesel pumping station at Building 851 with two 500-gallon USTs and five 

flammable-storage lockers. SWMU 136 is an SAA that receives hazardous waste from 

Buildings 851 and NS-53. The vicinity of these two sites is relatively flat and has 

asphalt/concrete and grass-covered areas. Migration pathways for AOC 663 include soil to 

groundwater, soil to air, and groundwater to surface water. Transport of contaminants by 

sediment andfor surface water movement is not likely given the nature of the area's cover and 

the absence of any distinct drainage feature. Surface soil, subsurface soil, and groundwater 

samples were collected at AOC 663. 

5.15.1 AOC 663 - Soil-to-Groundwater Cross-Media Transport 

Table 5.15.1 compares constituent concentrations to groundwater protection SSLs, tap water 

RBCs, and background UTLs. Screening identified no constituents above the groundwater 

protection SSLs, the tap water RBCs, and/or the grid-based background UTLs in both soil and 

groundwater. Benzo(a)anthracene, benzo(b)fluoranthene, chrysene, cadmium, 4,4'-DDD, 

4,4'-DDE, 4,4'-DDT, heptachlor epoxide, and methylene chloride were detected in combined 

AOC 663 soil above the groundwater protection SSLs in only one soil sample each and were not 

detected in groundwater. The limited extent of impacts to soil suggest that soil to groundwater 

migration is unlikely to be a significant process. Petroleum hydrocarbons (190 mglkg, TPH), 

and tin were detected in soil, but in the absence of SSLs for these constituents, the 

soil-to-groundwater quantitative screening was not performed. Presently no concentrations of 

petroleum hydrocarbons or tin have been detected in the shallow groundwater. 

5.15.2 AOC 663 - Groundwater-to-Surface Water Cross-Media Transport 

Chlorinated dibenzodioxins/dibemofurans and benzene were detected in shallow groundwater 

at concentration above the tap water lU3Cs. Chlorinated dibenzodioxins/dibenzofurans were 

detected at a concentration of 1.3 pg/L, which is above the tap water RBC of 0.5 pg1L. 

Benzene was detected in groundwater (second quarter only) at a concentration of 160 pg/L which 
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is above the tap water RBC of 0.36 pg/L. Considering a Y, value of 3,300,000, chlorinated 

dibenzodioxins/dibenzofurm are expected to sorb to the soil matrix rather than migrate in 

groundwater. Benzene, however, is more mobile in groundwater with a lower & value (50). 

Groundwater concentrations of benzene cannot be directly related to a potential AOC 663 surface 

of subsurface soil source. It should be noted that AOC 663 is a diesel fuel pumping station 

which has the potential to release petroleum-related compounds such as benzene. Considering 

the detection of benzene in the second-quarter groundwater only, risk management decisions 

based on migration of groundwater benzene concentrations should be deferred until the third and 

fourth groundwater results have been evaluated. Groundwater travel time from AOC 663 to the 

Cooper River is estimated to be 107 years. Applying a retardation factor for benzene, the travel 

time is estimated to be 897 years. Based on the predicted travel time to surface water (not 

considering the attenuative capacity of the aquifer matrix) and the diiutional capacity of the 

receiving stream, no significant surface water impacts are expected. 

5.15.3 AOC 663 - Soil-to-Air Cross-Media Transport 

Table 5.15.2 lists the VOC (methylene chloride) detected in surface soil samples collected at 

AOC 663 along with its corresponding soil-to-air voIatilization screening level. The maximum 

surface soil concentration of methylene chloride does not exceed its corresponding soil-to-air 

volatilization screening level. As a result, the soil-to-air migration pathway would not be 

expected to be significant at the site. No VOCs were detected in surface soil samples at 

SWMU 136. 



Table 5.15.1 
Chemicals Detected in Soil and Groundwater 
Comparison to Groundwater Protection SSLs, Tap Water RBCs and Background UTLs for AOC 663 and SWMU 136 
NAVBASE-Charleston, Zonk H 

Exceeds Ground 

Protection Water Water 

ND 20000 ugkg 

31900 6610 46180mgntg 

ND 430000 mgntg 
ND 0.0087 ug/L 

7.1 35.52mgntg 10.8 27.99 ug/L 

Benzo(g,h,i)perylene ND 98000 uglkg 

ND 0.0092 ugiL 

57.5 4000 ugkg 

ND 11000 ugkg 
ND 35000 ugkg ND 0.0092 u&L 

14.3 85.65 mgkg 

1.7 3 1.62 mgkg 

45.2 12000 u@g 

210 98000 ugkg 
ND 16000 ug/kg 

ND 0.0012 ugL 

548 3391 ugn, 



Table 5.15.1 
Chemicals Detected in Soil and Groundwater 
Comparison to Groundwater Protection SSLs, Tap Water RBCs and Background UTLs for AOC 663 and SWMU 136 
NAVBASE-Charleston, Zoni H 

Exceeds Grou 

Water Protection 

ND 98000 ugkg 

7.2 2200 u g L  
140 140000 ugkg 

17.7 131.6 mgkg 
ND 74000 u g k g  

10.6 1100 u g k  

* - See Table 5.2.1 
ug/kg or mglkg - microgram per kilogram or milligram per kilogram 
ug/L or pg/L - microgram per liter or picogram per liter 
ngikg - nanogram per kilogram 
NA - Not available 
ND - Not available 



TABLE 5.15.2 
Soil-to-Air Volatilization Screening Analysis for AOC 663 and SWMU 136 
NAVBASE - Charleston zone H 
Charleston, South Carolina 

oncentratio Soil to 

7 MGXG 

* - Soil-to-air RBCs were obtained from USEPA Region I11 Risk-based Concentrati 
Tables, March 1995. 
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5.16 AOC 665 

AOC 665 stored unknown pyrotechnics from 1943 until the shed was demolished at an unknown 

date. Most of AOC 665 is paved or covered with buildings. A small area, covered with grass 

or gravel, is present around Building 1889, which is thought to represent the approximate 

location of the former pyrotechnics shed. Surface soil and subsurface soil samples were 

collected as part of the AOC 665 RFI. Migration pathways for AOC 665 include soil to 

groundwater and groundwater to surface soil. Transport of con taminants by sediment and/or 

surface water movement is not likely given the impermeable and grassy covers over the area and 

the absence of any distinct drainage feature, 

5.16.1 AOC 665 - Soil-to-Groundwater Cross-Media Transport 

Table 5.16.1, identified copper in soil at a concentration marginally above the grid-based 

background UTL. These findings indicate that no impact to the shallow aquifer is likely from 

AOC 665 soil concentrations. Petroleum hydrocarbons and tin were detected in soil, but in the 

absence of SSLs for these constituents, the soil-to-groundwater quantitative screening was not 

performed. 

5.16.2 AOC 665 Groundwater-to-Surface Water Cross-Media Transport 

Groundwater travel time from AOC 665 to the Cooper River is estimated to be 252 years. 

Based AOC 665 soil results, no shallow aquifer impacts would be expected. Furthermore, any 

minor localized groundwater effects would not threaten surface water based on the predicted 

travel time to surface water (not considering the attenuative capacity of the aquifer matrix) and 

the dilutional capacity of the receiving stream. 

5.16.3 AOC 665 - Soil-to-Air Cross-Media Transport 

Table 5.16.2 lists the VOCs detected in surface soil samples collected at AOC 665 along with 

corresponding soil-to-air volatiIization screening levels. No VOC's surface soil concentration 

exceeded its corresponding soil-to-air volatilization screening level. As a result, the soil-to-air 

migration pathway would not be expected to be significant at the site. 



Table 5.16.1 
Chemicals Detected in Soif 
Comparison to Groundwater Protection Soil Screening Levels for AOC 665 
NAVBASE-Charleston, Zone H 

Surface surfa 

ND 0.5709 

* - See table 5.2.1 
ugkg or mgikg - microgram per kilogram or milligram per kilogram 
u g L  or pgiL - microgram per kilogram or picogram per kilogram 
ngkg  - nanogram per kilogram 
NA - Not available 
ND - Not detected 



TABLE 5.16.2 
Soil-to-Air Volatilization Screening Analysis for AOC 665 
NAVBASE - Charleston Zone H 
Charleston, South Carolina 

Concentratio Soil to 

0.21 62000 MGIKG 
520 MGIKG 

* - Soil-to-air RBCs were obtained from USEPA Region 111 Risk-based Concentrati 
Tables, March 1995. 
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5.17 AOC 666 

AOC 660 is a UST (NS-45) that supplies fuel oil to the adjacent heating plant (NS-44). The site 

is a flat area covered with grass and gravel. Migration pathways for AOC 666 include soil to 

groundwater and groundwater to surface water. Transport of contaminants by sediment andlor 

surface water movement is not likely given the primarily grassy cover and absence of any 

distinct drainage feature in the vicinity. Surface soil, subsurface soil, and groundwater samples 

were collected from AOC 666. 

5.17.1 AOC 666 - Soil-t~Groundwater CrosslMedia Transport 

Table 5.17.1 compares constituent concentrations to groundwater protection SSLs, tap 

water RBCs, and background UTLs. 2-Chlorophenol, copper, 2,4-dinitrotoluene, nickel, 

N-nitroso-di-n-propylamine, pentachlorophenol, 2,4,6-trichlorophenol, and vanadium were 

detected in soil at concentrations above the groundwater protection SSLs or background UTLs. 

Antimony, 4-chloro-3-methyiphenol, cyanide and petroleum hydrocarbons (30,000 mglkg, TPH) 

were detected in soil, but in the absence of a SSLs for these constituents, the soil-to-groundwater 

quantitative screening was not performed. The concentrations of 4-chloro-3-methylphenol and 

TPH would suggest a threat to the shallow aquifer, but neither was detected in AOC 666 

groundwater samples. Of the constituents detected in soil above the groundwater protection 

SSLs, only nickel and vanadium were detected in the shallow aquifer. Nickel and vanadium 

were not detected in groundwater above the tap water RBCs. 2-Chlorophenol, 

2,4-dinitrotoluene, N-nitroso-di-n-propylamine, pentachlorophenol, and 2,4,6-trichlorophenol 

were detected above the groundwater protection SSLs in only one soil sample each. The limited 

impacts of these constituents suggest that soil to groundwater migration is not likely to be a 

significant process. These frndings indicate that AOC 666 soil is protective of the shaIlow 

aquifer. 
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5.17.2 AOC 666 - Groundwater-to-Surface Water Cross-Media Transport 

Chloromethane and vinyI chloride were detected in monitoring well NBCH660001 at 

concentrations above their tap water RBCs in the first-quarter samples only. Chloromethane was 

detected at a concentration of 6 pg/L which is above the tap water RBC of 1.4 pg/L and vinyl 

chloride was detected at a concentrations of 2.1 pg/L,. which is above the tap water RBC of 

0.019 pg/L. AOC 666 has no surface water feature. - qualitative screening was not performed 

for the groundwater-to-surface water migration pathway. Shipyard Creek, the closest surface 

water body to AOC 666, will be investigated as part of the Zone J RFI. Groundwater travel 

time from AOC 666 to Shipyard Creek is estimated to be 1,000 years. Applying a retardation 

factor for vinyl chloride, the most mobile of the contaminants in AOC 666 groundwater, the 

predicted travel time to Shipyard Creek is 1,200 years. Based on the predicted travel time to 

surface water (not considering the attenuative capacity of the aquifer matrix) and the dilutional 

capacity of the receiving stream, no significant surface water impacts are expected. 

5.17.3 AOC 666 - Soil-to-Air Cross-Media Transport 

Table 5.17.2 lists the VOCs detected in surface soil samples collected at AOC 666, along with 

corresponding soil-to-air volatilization screening levels. No VOC's surface soil concentration 

exceeded its corresponding soil-to-air volatilization screening level. As a result, the soil-to-air 

migration pathway would not be expected to be significant at the site. 



Table 5.17.1 
Chemicals Detected in Soil and Groundwater 
Comparison to Groundwater Protection SSLs, Tap Water RSCs and Background UTLs for AOC 666 
NAVBASE-Charleston, Zone H 

Sub- Ground 
Surface surface Water 

Soil Protection Water Water Water Protection 

ND 20000 ugkg 

4.7 35.52 rngfltg 6.2 27.99 up% 

ND 98000 ugkg 

ND 2000 ugkg 

-Chloro-3-methylphenol 

18.2 85.65 mgikg 

1.3 14.88 mgkg 

587 12000 ugkg 

4-Dichlorobenzene 
84 11000 udkg 

4-Dinitrotoluene 
466 IE+08 ug/kg 

ioxin (TCDD TEQ) 

120 980000 ugikg 

39 1412 mg/kg 102 3 3 9 1 u g ~  

ND 0.0096 u& 

ND 98000 udkg 

98 140000 ugkg 

Petroleum Hydrocarbons 3000 16000 
10 5000 ugkg 

4,6-Trichlorophenol 
136 131.6 rng/kg 

* - See Table 5.2.1 
ug/kg or mgkg  - microgram per kilogram or milligram per kilogram 
ugL or pg/L - microgram per liter or picogram per liter 
ngkg - nanogram per kilogram 
NA - Not available 
ND - Not detected 



TABLE 5.17.2 
Soil-to-Air Volatilization Screening Analysis for AOC 666 
NAVBASE - Charleston Zone H 
Charleston, South Caroiina 

Concentratio Soil to 

4-Dichlorobenzene 7700 MGKG 
520 MGKG 

,2,4-Trichlorobenzene 240 MGKG 

* - Soil-to-air RBCs were obtained from USEPA Region I11 Risk-based Concentrati 
Tables, March 1995. 
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5.18 AOC 667 (Includes SWMU 138) 

AOC 667, the vehicle maintenance area, is a two-story brick structure (Building 1776) with an 

oil/water separator. SWMU 138, the SAA related to Building 1776, stores hazardous waste in 

55-gallon drums which are immediately transferred to a permitted hazardous waste storage 

facility. The entire area of SWMU 138 and AOC 667 is paved. Migration pathways for 

AOC 667 include soil to groundwater and groundwater to surface water. Transport of 

contaminants by sediment andlor surface water movement is not likely given the impermeable 

cover over the area and the absence of any distinct drainage feature. Surface soil, subsurface 

soil, and groundwater samples were collected at AOC 667lSWMU 138. 

5.18.1 AOC 667 - Soil-to-Groundwater Cross-Media Transport 

Table 5.18.1 compares constituent concentrations to groundwater protection SSh ,  tap water 

RBCs, and background UTLs. Screening identified no constituents detected above the 

groundwater protection SSLs, the tap water RBCs, andfor the background UTLs in either soil 

or groundwater. Antimony, cyanide and petroleum hydrocarbons were detected in soil, but in 

the absence of SSLs for these constituents, the soil-to-groundwater, quantitative screening was 

not performed. This indicates that combined AOC 667 soil is protective of the shallow aquifer. 

5.18.2 AOC 667 - Groundwater-to-Surface Water Cross-Media Transport 

Groundwater travel time from AOC 667 to the Cooper River is estimated to be 1,353 years. 

Based on iittle to no impact to the combined AOC 663 shallow groundwater, the predicted travel 

time to surface water (not considering the attenuative capacity of the aquifer matrix) and the 

dilutional capacity of the receiving stream, no significant surface water impacts are expected. 

5.18.3 AOC 667 - Soil-to- Air Cross-Media Transport 

Table 5.18.2 Iists the VOCs detected in surface soil samples collected at AOC 667 and 

SWMU 138, along with corresponding soil-to-air volatilization screening levels. No VOC's 

surface soil concentration exceeded its corresponding soil-to-air volatilization screening level. 

A conservative soil-to-air screening value of 10,000 mg/kg was used for Zbutanone. As a 

result, the soil-to-air migration pathway would not be expected to be significant at the site. 



Table 5.18.1 
Chemicals Detected in Soil and Groundwater 
Comparison to Groundwater Protection SSLs, Tap Water RBCs and Background WTLs for AOC 667 and SWMU 138 
NAVBASE-Charleston, Zone H 

Ground Tap 
Water Waler 

Maximum RBC or RBC or SSLor 

10 35.52 ug/L ND 27.99 ugiL 
8.7 43.8 u g n  

ND 0.016 u& 

0.36 0.33 
ND 2000 u& ND 0.052 u g n  
ND 2000 u& ND 0.052 u& 

I8 3300 ugn 

8.6 59.9 85.65 u& 

2.5 14.88 ugiL 
8.1 31.62ugL 

ioxin (TCDD TEQ) 

11.9 14.4 

9.3 2600 3000 ua 
670 3000 ug/L 

ND 25.5 33.38 ug/L 
116 1000 98000 ug&. 

15.5 42.9 1 3 1 . 6 ~ ~  
54.4 4200 ug . 

* - See Table 5.2-1 
ugkg or mgkg - microgram per kilogram or milligram per kilogram 
u g L  or p g k  - microgram per liter or picogram per liter 
n g k g  - nanogram per kilogram 
NA - Not available 
ND - Not detected 



TABLE 5.18.2 
Soil-to-Air Volatilization Screening Analysis for AOC 667 and SWMU 138 
NAVBASE - Charleston Zone H 
Charleston, South Carolina 

- Soil-to-air RBCs were obtained from USEPA Region III Risk-based Concentration 
Tables, March 1995. 

+ - Screening value presented for 2-butanone was conservatively estimated at 
10,000; actual may be higher. 

VOCs 

Acetone 
2-Butanone 
Carbon disulfide 
1 , 1 -Dichloroethane 
Methylene chloride 
Toluene 
Xylene (total) 

I 
Maximum Concentration 
Detected in Surface Soil Soil to 

AOC 667 AOC 138 

0.12 0.056 
0.009 ND 

ND 0.0046 
0.01 ND 
ND 0.0129 

0.006 0.013 1 
ND 0.0024 

Air Exceeds 
SSL Units SSL 

62000 MGKG NO 
10000 + MGKG NO 

11 MGNG NO 
980 MGlKG NO 

7 MGKG NO 
520 MGKG NO 
730 MGKG NO 

- 
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5.19 Other Impacted Areas 

Other impacted areas include (307, G38, and G80. Surface soil and subsurface soil samples 

were collected from these areas as part of the Zone H RFI. 

5.19.1 Other Impacted Areas - Soil-to-Groundwater Cross-Media Transport 

Quantitative screening, Table 5.19.1 identified dieldrin, 4,4'-DDD and 4,4'-DDE in soil at 

concentrations above the groundwater protection SSLs. Dieldrin was detected marginally above 

the groundwater protection SSL at location G80 surface soil. 4,4'-DDD and 4,4'-DDE were 

detected above the groundwater protection SSLs at location G38. These findings indicate that 

soil-to-groundwater migration could affect the shallow aquifer near grid sampling locations G38 

and G80. 

5.19.2 Other Impacted Areas - Soil-to-Air Cross-Media Transport 

No VOCs were detected in surface soil samples at impacted grid sampling locations GO7 

and G38. Table 5.19.2 Iists the VOCs detected in surface soil samples collected at impacted 

grid location G80 along with corresponding soil-to-air volatilization screening levels. No VOC's 

maximum surface soil concentration exceeded its corresponding soil-to-air volatilization 

screening level. As a result, the soil-to-air migration pathway would not be expected to be 

significant at the site. 



Table 5.19-1 
Chemicals Detected in Soil Above the Groundwater Protection SSL 
NAVBASE-Charleston, Zone H. Other Impacted Areas 

* - See table 5.2-1 
ND - Not detected 

Parameter 

4.4'-DDD 
4,4'-DDE 
Dieldrin 

Ground 
G38 G80 Water 
Soil Soil Protection 

Maximum Maximum SSL or Soil 
Conc. Conc. UTL * Units 

3600 ND 700 UGlKG 

5700 ND 500 UGlKG 

ND 2.6 1 UClKG 



TABLE 5.19-2 

AOC G80 Soil-to-Air Volatilization Screening Analysis 
NAVBASE - Charleston Zone H 
Charleston, South Carelina 

oncentration Soil to 

0.16 62000 MG/KG 

520 MGIKG 

* - Soil-to-air RBCs were obtained from USEPA Region III Risk-based Concentration 
Tables, March 1995. 
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6.0 BASELINE RISK ASSESSMENT APPROACH AND METHODOLOGY 

6.1 Introduction 

A BRA analyzes potential adverse effects on actual or hypothetical human and ecological 

-tors that could result from exposum to hazardous substances released h m  a site if no 

remedial actions are taken to reduce the extent of environmental c o d t i o n .  Generally, a 

BRA is divided into two subdons -- one in which buman health risk is addressed, and a 

second in which ecological risk is assessed. The Final Focused Field Investigation 0, which 

will be submitted in conjunction with this RFI, fllmmarizes the sampling results and assesses risk 

for the inhalation exposure pathway for buildings in a portion of Zom H. Data management arad 

analytical methods used to reach the conclusions of this human health risk assessment are 

discussed below. The foIlowing subsections dadbe general methods, procedures, 

considerations, toxico~ogical information, and related mmtaiuties affecting each 

SWMU-specific or AOC-specific human health risk wessment (HHRA). Sections 6.1.1 

through 6.1.8 are intended to provide a g d  risk asesme.nt frameworWoutlim, and to avoid 

presentation of redundant information in subsequent site-specific assessments. As a result, the 

BRAS in Section 6.2 include only the basic m e c M  and evaluative elements applicable to 

a particular SWMU or AOC. 

The following HHRAs were prepared generally in a c c o m  with the guidelines set forth in: 

RiskAssessment Guidtme for Superfid (RAGS), Volume I -  Humarr Health Evaluation 

Manual, (PM A), (USEPA, 1989a). (RAGS Part A) 

RAGS, V O W  I - HwMn H e d h  Emhaion Manuul, (Pcut B, Development of 

Risk-Based ?'retiminary lhmdiaion Gwts), (USEPA, 1991a) (RAGS faa B) 

Dermal Erposure Assessment: Pn'nciples Md Applicclhcclhons - Interim Report (WSJPA, 

1992s). 
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Supplemental Guidance to RAGS: Region IV Bulletin, Human Health Risk Assessmm- 

Interim (USEPA Region IV , 1995a). 

Supplemental Guidance to RAGS: Region IV Bulletin, Development of Health-Based 

Preliminury Remediation GwLF, Remedial Goal Optiom @GO) and Remediation b e &  

(USEPA Region HI, 1995). (Supplemental RGO Guidance) 

Supplemental Guidance to RAGS: Region IV Wetin, Provisional Guidance of 

Quantitatr*ve Risk Assessment of PAHs (USEPA Region IV, 1993). (PAH Guidance) 

Exposure Factors Handbook (USEPA, 1989d). 

USEPA Region lIl Risk-Based Concentmibn Table, January-June 1995 

(USEPA Region JII, 1995). (RBC Screening Tables) 

Technical Memor imh Guidance on Ertimahng Fxposure to VOCs During S h e r i n g  

(USEPA, 1991c.) 

6.1.1 Objectives 

The objectives of the BRA are to: 

Characterize the source media and determine the chemicals of potentiai concern (COPCs) 

for impacted environmental media. 

Identify potential receptors and quantify potential exposures for those receptors under 

curtent and future conditions for all impacted environmental media. 
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Qualitatively and quanhtively evaluate the adverse effects associated with the 

site-specific COPCs in each medium. 

Characterize the potential baseline carcinogenic and noncarcinogenic risks associated with 

exposure to impacted environmental media at NAVBASE Charleston Zone H uadcr 

current and future conditions. 

Evaluate the uncertainties related to exposure predictions, toxicoIogical data, and 

resultant carcinogenic risk and nomminogenic hazard predictions. 

Establish for COCs in each environmental nmedium based on risWbazard to risk 

management decision-making . 

The risk assessment will m e  a basis for makmg mndal  decisions by identifying detected 

concentrations potentially causing toxic &ects or hmeased cancer incidences. Variables 

co11sided in chiuacterizhg the study area are the amount, type, and location of contaminant 

sources. Variables considered for risk clmcterhtion are the pathways of exposure (media type 

and migration routes); the type, sensitivities, expome duration, and dynamics of the exposed 

populations (receptors): a d  the bxicologid p@es of identified CO-. 

The focus of each SWMU and/or AOC investigation is detailed in the Site Background ami 

Investigative Approach section for each site. CompreenSive tables show the sample 

identification numbers and analytical methods applied for each sample. The FFI was conducted 

in Zane H in 1994 to address possible soil-to-air pathway concerns in burldings near SWMU 9. 

Whm the FFX ovalapped areas investigated during thc Zone H Rm, potanial air pathway 

concerns are discussed in t&e appropriate site-specific human health risk assessments. At most 

SWMUs and AOCs, sampling activities consisted of the collection of d a c e  (0- to 1-foot 

interval) aod subdace (gemally 4- to 5-foot internal) soil samples, as weU as groundwater 
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samples from monitoring wells installed in the shallow and deep aquifers underlying the zone. 

Analytical results from surface soil, shallow groundwater, and d q  groundwater were used to 

assess possible exposure to environmental con tamhnts. 

Organization 

A human health risk assessment, as defined by RAGS Part A, includes the following steps: 

Site chamcte-011: Evaluation of data reganlug site geography, geology, 

hydrogeology , climate, ad demographics. 

Data collection: Analysis of enviro- media samples, including backgrow 

reference samples. 

Data evuluation: Statistical analysis of analytical data to identify the nature and extent 

of contamination and to establish a preliminary list of COPCs based on risk-based and 

background screening. This list will subsequently be refined to iden* COCs. 

Exposure ussessment: Identifmtion of potential receptors under current and predicted 

future conditions and potential exposure pathways, arsd calculatiodquantitation of 

exposure point co~zcentrations (EPCs) and chemical intakes. 

Taxicity asscssmenf: Qualitative evaluation of the adverse effects of the COPCs, and 

quantitative estimate of the relationship between exposure and severity or probability of 

effect. 

RisR charuc?erizatri,n: Combination of the outputs of the exposure assessment and the 

toxicity assessment to quantify the total noncancer and cancer risk to the hypothetical 

receptors. 
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Because duplicate samples were coUected for QNQC, some sample locations had more than one 

analytical result. One objective of data management was to provide one result per sample 

location per analyte. The mean of duplicate sample results was used as the applicable value, 

unless the d y t e  was detected in only one duplicate sample. In such cases, the detection results 

were used. 

In addition, limitations of analytical remlts were addressed in the human health risk assessments 

by including estimated concentration values for mndetected parameters. A nondetect indicates 

that the analyte was not detected above the @tation limit of the sample (Uqualified results), 

which is detemhed by the ~~ method, the instrument used, and possible matrix 

interferences. However, a mndeteeted d y t e  could be present at a c o ~ t i o n  at any level 

between zero and the quantitation limit. For this reason, one-half the U-value could serve as 

an unbiased et$imate of the mdetcct. Because the estimated values of J q d f i e d  hits were 

fkpently much lower than the sample W t a t i o n  limits of U q u M c d  mmktects for organic 

compounds, one-half of each U-valut was compared to onehalf of the lowest hit (normally 

J-qualified) at the same site. The lesser of these two values was used as the best estimate of the 

collcentration that was pomtidly present below the sample quamitation l i t ,  and was inserted 

into the adjusted dataset. For inorganic chemicals, the decision rule was simpler: one-half of 

each U-value was used to represent the conwntmtion of the c o m e s p o ~  sample when 

compiling the adjusted dataset. If two nondetects were reported for any one location (a result 

of QA/QC samples), one-half the ksser of the U-values was compared to the lowest hit at the 

site (for organics, as above) or applied directly (for inorganics) to estimate a concentration value 

to be used in the Zone H RFI risk calculations. If a parameter was not &ected at a 

SWMUIAOC, neither data managment method was applii, and the paramctcr was not 

considered in screening or formal assessment. 

After the dataset was complete (i.e., after elbination of faulty data, consolidation of duplicate 

data values, and c cation of censored values), statistical methods were used to evaluate the 
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RFI analytical results to identifj. COPCs and establish EPCs at potential receptor locations. The 

statistical methods used in data evaluation are discussed below. The rationale used to develop 

this method and the techniques to implement it are based on the following sources: 

RAGS Part A 

&lathtical Methods for Environmental Pollution Monitoring (Gilbert, 1987) 

Supplemental Guidance to RAGS: Calculating the Concentration Term, (USEPA, 1992~) 

Microsoft FoxProl and Borland Quattro Pro1 were used for data management and statistical 

calculations. For each dataset used to describe the concentration of chemicals in a contaminated 

area, the following was tabulated: fhpemy of detection, range of detected values, average of 

detected concentrations, and the calculated 95th percentile upper confidence limit (UCL) on the 

mean of log-transformed values of the concentration. In accordance with RAGS, the lesser of 

either the maximum concentration detected or the UCL was used to quantify potential exposure. 

This procedure is detailed in Exposure Assessment Section 6.1.3. 

6.1.2.4 Selection of Chemicals of Potential Concern 

The objective of this section was to screen the available information on the CPSSs detected at 

each SWMU or AOC to develop a list or group of COPCs. These chemicals are selected by 

coxprison with screening concentrations (risk-based and reference), intrinsic toxicological 

properties, persistence, fate and transport characteristics, and cross-media transport potential. 

For any C O X  to be considered a COC, and warrant assessment relative to corrective measures, 

it must meet two criteria. Fitst, the COPC must contribute to an exposure pathway with an 

inmemental lifetime excess cancer risk (ILCR) in excess of 1E-6 or hazard index (HI) greater 

than 1 for any of the exposure scenarios evaluated in the risk assessment. Secondly, the COPC 

References to specific software products are not to be construed as an endorsement by 
tk U.S. Navy or WA&H. 
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must have an individual risk projection greater than lE-6 or hazard quotient (fiQ) greater 

than 0.1. U R ,  HQ, and HI are detailed in Toxicity m n t  and Risk Chara&htion, 

Sections 6.1.4 and 6.1.5 of this report. 

Before evaluating the potential risks/hazads associated with site media, it is mxmuy to 

delineate the site contamhation which was accompW by noting the chemicals detected in 

environmental media. These chemicals rep- the CPSSs for each SWMU or AOC. Because 

human health risk and halard will ultimately difect remedid action, detailed discussions of COC 

extent were deferred to site-specific HHRAs. Tbe risk c-tion section of each human 

health risk assessment provides risk and hazard maps for COCs ( w h  data support such 

depictions) to provide visual aids in jnterprethg the risk assessment outputs. Where data do not 

support  develop^ of mass impacted locations are discussed by medium. To reduce the fist 

of CPSSs and focus the risk assessment on COPCs, two comparisons were performed as 

described below. 

6.1.2.4.1 Comparison of SbRelated Jhta to Risk-Based k r e e d q  Concentrations 

The maximum collcentmtions of CPSSs detected in samples were compand to risk-based 

screening values in Detennitmion of COCs by Risk-Based Screening, USEPA Region III, 

March 18, 1994, and subsequent versions. USEPA used a target an HQ of 0.1 a d  a risk g d  

of 1E-6 to calculate smxning c o ~ t i o n s  for nomwcinogens and carcinogens. When use 

of more recent of USEPA Region m's RBC tables was necemry, noncarcinogenic chemical 

values were adjusted to equate with an HQ of 0.1. 

Groundwater (and surfia water, where applicable) d t s  were compand to tap water screening 

values, aml rrponcd soil (ad sediment, where applicable) c u ~ t i o n s  were eompved to 

resichiid soil ingestion screening values. The soil screening value for lead was set equal to 

400 m g k ,  consistent with recent OSWER diredives considering protection of a hypothetical 
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child resident; the lead groundwater screening value used was the USEPA Office of Water 

treatment tecbnique action level of 15 pg/L. 

A soil screening value of 1 pgkg (as 2378-TCDD equivalents or total TEQs) was applied to 

chlorinated dibenzdoxins and dibemkms.  This concentration is based on a 

w o r k e r / b d d  scenario and a risk level of 1E-M. USEPA Region IV has determind this to 

be an appropriate cleanup level although nomally 1E-06 is used as the cleanup level trigger. 

For dioxin, USEPA Region IV sees this as a prudent course in light of the high level of 

uncertainty associated with dioxin exposure co~lcentrations at which adverse effects occur. The 

Koppexs site, located in Charleston, South Carolina, presented a similm dioxin cleanup 

concentration of 2.5 pglkg in a pending Record of Decision. For groundwater, the TEQ value 

computed for each sample was compared to the 2,3,7,8-TCDD tap water screening level. 

In accordance with recent carcinogenic plynuclear aromatic hydrocahns (cPAH) guidance, 

benzo(a)pyrene-equivalent (BEQ) concentrations were computed, where appropriate, by 

multiplying the reported concentration of each cPAH by its conaponding toxicity equivalency 

factor (TEF). The BEQ values were then summed for each sample, and the total was compared 

to the benzo(a)pyrene RBC value during the screening process. Subsequent exposwe 

quantification and riskhad projections for cPAHs in soil and groundwater were performed 

using total BEQ values for each s a . ~  location rather than individual compound 

concentrations. 

CPSSs with inaxhum detected concentrations exceeding their co-ndh concentrations, 

goals, and/or standards were retakd for further evaluation and reference screening in the risk 

assessment. Screening values based on surrogate compounds were used if no screening values 

were available in USEPA'S table. Surrogate compolmds were selected based on smraurl. 

chemical, or toxicological similarities. 



Final RCM Fm'lity Invdgation RLport for Zwrr H 
h?AWWI? Wuwhton 

Seuion 6: Bareline Risk  ass^ 
Jvry 5,11996 

The relevaace of groundwater RBC sawmbg is discussed inSections 6.1.3 and 6.1.6. Because 

shallow and deep groundwater beneath.most areas of Zone H contains chlorides andlor total 

dissolved solids (TDS) above South Carolina potable source criteria, water from these aquifers 

is not appropriate for domestic use. Con~#~ently, screening the collcentrations of compounds 

detected in groundwater against tap water mCs provides a hifly conservative assessment of 

the significance of groundwater impacts. 

For CPSSs found in both soil (all depths) aod shallow -water, an additional risk-based 

screening process was performed as part of the fate and transport asseament. Maximum soil 

wllcentrations were cornpad b the soil-to-groufdwater cross-media protection values provided 

in the RBC Table, January to June 1995, USEPA Region IU. 

6.1.2.4.2 Comparison of Site-Related Data to hckgmmd Concentrations 

Soil and groundwater baclcground (or r e f e m )  concentrations were determined across Zone H, 

using results from the grid-based soil and groundwater back,ground sampling locations. Surface 

soil, subsurface soil, ad shallow and deep groundwater were all addressed separately in 

Appendix J, the background evaluation. Statistical methods and rationale for detemhhg of 

background concentrations and comparison of site data to backgmund were proposed in the 

May 12, 1995, technical memorandum Proposed Methud for Compan'ng Site Sample Values to 

Backgmund Vdues fot Surface and Subsu~~ce Soil I: Inurganics (El=, 1995a), which has 

been incorporated into Appendix J. This technical approach was approved for use in Zone H 

by USEPA Region IV and SCDHEC. Following comparison to risk- and hazard-bad scmxhg 

values, COPCs were retained for further consideration as COCs in tk human Mth risk 

assessment on a SWMUsr AOC-specific basis if their maximum detected c o M o f l s  

exceeded correspodmg background reftrepct concentrations, or their overall site c o ~ t i o m  

we= significantly greater than corresponding overall backpund co~lcentrations as determined 

by Wilcoxon sum tea prooedurrs. The two stahtical background comp&m were 

conducted as parallel analyses. If either method suggested that site-specific concentrations 
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deviated from naturally occurring levels, the! chemical was retained for formal risk assessment. 

These comparjsons assist in accounting for chemicals that are common in nature such as 

alumhum, manganese, and arsenic. By virtue of this process, risk and/or hazard associated with 

naturally occuning chemicals is not addressed where their concemtrations are not above 

correspomhg background. For of this RFI report, reference concentration is 

synonymous with background concentration as d e f M  above. 

The background reference amentmtion UTL is a fixed value determined to represent the upper 

bound of naturally occurring levels for a c M d  in a specific matrix. Comparisons using 

reference concentrations are most effective in identifying "hot spots," limited areas with 

pronounced impacts. Population tests, in this case performed using the Wilcoxon rank sum 

method, are used to determine whether values from one population (the site samples) are 

consistently higher or lower than those from another (the entire background dataset). Ideally, 

population tests identify general elevations in chemical concentrations absent definable hot spots. 

Statistical methods, UTL calculations, Wilcoxon rank sum test outputs and general background 

sample information are in Appendix J. 

In the RFI, if the maxbum concentration of a CPSS was less than either background or the risk- 

based screening value, it was not considered further in the risk assessments unless deemed 

appropriate based on chemical-specific characteristics (e.g., degradation product with greater 

toxicity). 

6.1.2.4.3 Elimination of Essential Elements: Calcium, Iron, Magnesium, Potassium, 
and Sodium 

In accordance with RAGS Part A, essential elements that are potentially toxic only at extremely 

high concentrations may be eliminated from further consideration as COPCs in a risk 

assessment. Specifically, an essential nutrient may be screened out of a risk assessment if it is 

shown to be present at co~~~entrations that are not associated with adverse health effects. Based 
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on RAGS, the lack of risk-related data, and USEPA Region IV's recommendations, the 

following essential nutrients were eliminated h m  the HHW: calcium, iron, magnesium, 

potassium, and sodium. 

6.1.2.4.4 Summarg of COPCs 

The results of the screening evaluations are presented on a medium-specific basis in each 

HHRA. 

In summary, the risk idonnation usually obtained from the Integrated Risk Information System 

(IRIS) or Health Effects Assessment Summary Tables (HEASTI is necessary to calculate risk 

armd hazard estimates (and risk-based screening values). This information is based on 

toxicological and epidemiological data wbich are critiqued and approved by the scientific and 

regulatory community (i. e., listed in IRIS andtor HEAST) . Risk information was not available 

for some CPSSs; therefore, it was not possible to &cutate risk and/or hazard for those 

chemicals. For each environmental medium sampled at a SWMU or AOC, the data were 

screened using risk-based and background values. The ~sults of the screening process are 

presented in tables in each specific human health risk assessment. Those chemicals determined 

to be COPCs through the screening process are designated with an asterisk. Total isomer 

concentrations reported for chlorinated dibenzodioxins and dibenzofurans (e.g . , "Total HxCDD ") 

were not specifically used in formal assessment per USEPA protocol. Instead, exposure was 

estimated for each individually quantitated congener (e-g., " 123478-HxCDDa). No risk-based 

screening values are available for the generic group TPH. As a result, TPH was assessed based 

on state UST regulations and the NAVBASE soil action level of 100 mglkg. If w, groundwater 

impacts were identified, the soil coacentrations were considered mfkiently protective of the 

underlying aquifer. 
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6.1.2.5 Cdailation of Risk and Hazard 

As previously discussed, CPSSs that exceed their respective screening values are considered 

COPCs. COCs are subsequently identified in a two-phase process. First, exposure pathways 

that exceed the screening criteria established by USEPA and SCDHEC are identified. 

Identifying COCs from the r e f d  list of COPCs involves calculating chemical-specific cancer 

risks and HQs for COPCs, estimating exposure-pathway risklhazard, evaluating frequency and 

consistency of detection and relative chemical toxicity, and comparison to background 

concentrations. In the next step, those COPCs which individually exceed 1E-6 ILCR or a HQ 

greater than 0.1 in a pathway of concern (i.e., an exposure pathway having ILCR greater than 

1E-6 or HI greater than 1) are retained as COCs. Section 6.1.4, Toxicity Assessment, discusses 

cancer risk thresholds and n0-r toxicity in detail. 

6.1.3 Expcwure hessment 

This section of the HHRA dctemims the magnitude of contact that a potential receptor may 

have with site-related COPCs. Where applicable, the F H  is referenced for air pathway-related 

exposure assessment discussions. Exporn assessment involves four stages: 

Characterizing the physical setting and land use of the site 

ldentifjhg C O X  release and migration pathway(s) 

Identifying the potential receptors, under various land use or site condition scenarios, and 

the pathways through which they might be exposed 

Quantifying the intake rates, or contact rates, of COPCs. 
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6.1.3.1 Ekpam Setting and Land Use 

This section of each HHRA describes tbe basic layout of the SWMU or AUC as well as the 

suspected source(s) of contamination. Where multiple SWMUs awl AOCs were combined for 

the RFI, the rationale for grouping is discussed. In addition, the site's projected future use is 

discussed if information was available. Present land use in Zone H is comparable to civilian 

industrial, commercial, and office uses. Current base reuse plans call for continued industrial 

and office settings, with small portions of the property set aside as recreation areas. 

At some SWMUs/AOCs, site features such as asphalt surfaces, buildings, and fences would 

preclude or minimize exposure to impacted media if they were mamtamd 
. , under base reuse 

plans. As part of each site-specific human health risk assessment, tk potential influences of site 

features on exposure was evaluated. W h e ~  current site features affect how an individual might 

be exposed, detailed analyses were performed to calculate alternate EPCs and to derive factors 

to account for fraction ingested/contacted from the umtamhated source. Tbc assessments 

performed in consideration of existing featme arc prtseated as an additional exposure sccnario 

within the qwntification of exposure and risk characterization sections of the site-specific 

HHRA. 

6.1.3.2 P d e n W y  E x p o d  Populations 

In each site-specific HHRA, this section describes who may be exposed to contambm& in 

enviromnental media, m n t l y  or in the future. For purposes of the Zone H HHRA, the 

potmtially exposed populations addressed were current and future site workers, as well as 

hypothetical future site residents. k u s e  m n t  site workers at most sites within Zone H 

would be expected to have limited contact with conramhated media, worker-related exposuxe 

was addressed exclusively for msximaIly exposed future site workers. This approach, while 

providmg a xeasonably conservative assessment of future site w o r k  risk/hazard, also renders 

a highly conservative approximation of risk/bazard for current site workers. It also accounts for 

the fact that the specific mture of future industrial users cannot be definitively stated. 
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6.1.3.3 Exposure Pathways 

This section of each HHRA briefly summarizes how potential receptors (site workers, residents, 

etc.) may be exposed to contaminated media. In gcneral, soil matrix-related pathways include 

incidental ingestion and d d  contact. For groundwater, ingestion and inhslation of volatilized 

contamhnts were the primary exposure pathways evaluated. For Rm sites (buildings) within 

the scope of the Zone H FFI, the air inhalation pathway is addressed for c m n t  site workers 

and potential future building occupants. Soil-to-groundwater and soil-to-air cross-media 

protection factors are also discussed where appropriate. 

6.1.3.4 Exposure Point Concentrations 

The EPC is the concentration of a contaminant in an exposure medium that will be contacted by 

a real or hypothetical receptor. Determining the EPC depends on factors such as: 

Availability of data 

Amount of data available to perform statistical analysis 

Reference concentrations not attributed to site impacts 

Location of the potential receptor 

USEPA Region IV guidance calls for assuming lognormal dh'butiom for enviromental data 

and the calculation of the 95th percentile UCL on the mean for use in exposure quantification. 

Applying the UCL is generally inappropriate when the number of samples is less thaa 10. The 

rnaximum concentrations detected were used for all datasets with less than 10 samples. In 

general, outliers have been included whw cafculating the UCL because high values seldom 

appear as outliers for a lognorxnal dktributio11. Including outliers incremes the overall 

uncertainty of the calculated risks and conservatively hmwes the estimate of the human health 

threat. 
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For sample sets of 10 and greater, the UCL was calculated for a lognormal distribution as 

follows: 

UCL = e 

where: 

8 = Caln = sample ari-c mean of the log-transformed data, a = h(x) 

Sa = sample standard deviation of the log-transformed data 

n = number of samples in the dataset 

= value for computing the one-sided 95% confidence limit on a l o g n o d  mean 

from standard statistical tables (Gilbert, 1987) 

The calculated values for the 95% UCL are presented in tables which summarize COPCs 

identified in each environmental medium. Included for each COPC are the number of samples 

analyzed, mean and standard deviation of the natural log-transformed data (~ludiing the 

nondetect values), the H-statistic, the maximum of detected concentrations, aod backgroulld 

concentrations (where available). For media from which less than 10 samples were collected, 

the maximum of positive detections of each COPC identified was used as tlae EPC to compute 

exposure. 

As described in Section 6.1.3.1, considering current feabim or skewed contaminant distributions 

in quantifjiing exposure potential required the calculation of modified or alternate EPCs for some 

SWMUs/AOCs. The modified EPCs w m  derived to account for the k t i o n  of impacted areas 

currently covered with asphalt surface, build'is, etc. ; if these features are mamtamd . . 
they 

would preclude direct exposure to affected areas (surface soil). In some instances, factors were 

derived to modify the EPC to account for the fraction ingestdcontacted from tbe c o n ~ t e d  
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source. This approach was used when impacts were found to be extremely limited in areal 

extent (hot spots). Where this approach was taken, the basis for the decision was discussed in 

the site-specific HHRA. 

As previously discussed in Section 6.1.2.3 of this document, analytical results are presented as 

"noadetectsw whenever chemical ~ ~ ' ~ n t r a t i o n s  in samples do not exceed the detection or 

p t i t a t i on  limits for the analytical procedures as applied to each sample. Generally, the 

quantitation limit is the lowest concentration of a chemical that can be reliably -ed above 

the n o d ,  random noise of an analytical instrument or method. To apply the above-mentioned 

statistical procedures to a dataset with reported nodetects for organic compounds, the lesser of 

one-half of the nondetect value for the sample or the lowest JquaMied value at the site was 

assumed to be the applicable default concentration. For inorganic chemicals, one-balf of the 

nondetect value was assumed to be the applicable concentration. Using this method is a 

reasonable compromise between use of zero and using the sample cpntitation limit to reduce 

the bias (positive or negative) in the calculated UCL. 

6.1.3.5 Quan=cation of Expcmm 

This section describes the models, equations, and input pafameter values used to quantify doses 

or intakes of the COPCs for the surface soil and groundwater exposure pathways. The models 

are designed to estimate mute- and medium-specific factors, which are multiplied by the EPC 

to estimate chronic daily doses. The intalce model variables generally reflect 50th or 

95th percentile values which, when applied to the EPC, ensure that the estimated intakes 

represent the m n a b l e  maximum exposure (RME). Formulae were derived from RAGS, 

Part A unless othewise indicated. Table 6.1.1, at the end of W o n  6.1, lists input parameters 

used to compute chronic daily intake (CDI) for potential receptors exposed to d a c e  soil 

and/or groundwater contaminants. These soil and groundwater pathway assumptiom were 

applied for each SWMU a d  AOC in Zone H. In instances where other exposure 

routedpathways were identifbd (or predicted), additional exposure quanMcation formulae are 
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presented. Because Zone H is part of BRAC ID, future site use cannot be d e t e m i d  with any 

certainty. Therefo~, conservative assumptions were used to account for any reasonable future 

use. Zone H media analytical results and exposure methods have been formatted to allow for 

h-tmiq of exposure estimates based on actual d t i o n s  as base rtuse plans materialize. 

Age-adjusted ingestion factom were derived for the potential future residential receptors (resident 

adult and resident child combined) for carcinogenic endpoints. These factors consider the 

difference in daily ingestion rates for soil and drink@ water, body weights, and exposure 

durations for children (ages 1 to 6 yeats) and adults (ages 7 to 31 years). The exposUte 

frequency is assumed to be identical for the adult anb child exposure groups. 

6.1.3.5.1 Surface Soil Pathway Exposwe 

Ingestion of COPCs in Surface Soil 

The following equation is used to estimate the ingestion of COPCs in soil: 

where: 

ingested dose (mglkg-day) 

c o ~ t i o n  of contaminant in soil (mg/kg) 

ingestion rate (mglday) 

exposure frequelry (&Ys /Y~~ . )  
exposure dwation (years) 

conversion factor (1E-6 kgimg) 

fraction ingested from contaminated source (unitless) 

body weight (kg) 

averaging time (days) 
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Dermsl Contact with COPCs in Surface Soil 

The following equation is used to estimate intake due to dermal contact with COPCs in soil: 

where: 

ABS 

damal do= (mglkg-day) 

concentration of contaminant in soil (mgtkg) 

contact factor (cmt) 

expo- (dayslyear) 

exposure duration (years) 

conversion factor (1E-6 kghg) 

fraction contacted from contaminated source (unitless) 

absorption factor (unitless value, specific to organic versus inorganic 

c o m p o d )  
adherence factor (mglcmz) 

body weight (kg) 

averaging time (days) 

6.1.3.5.2 Groundwater Pathway Eqmsure 

Ingestion and Tnhdation of COPCQ in Groundwater 

The following equation is used to a b a t e  the ingestion W o r  inhalation of COPCs in 

groundwater: 
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where: 

CDI, = ingeskdhhled dose (mglkg-day) 

C, = concentration of con taminant in water (mg/l) 

IR = ingestion rate my) 

EF = exposure h c p n c y  (dayslyear) 

ED = exposmdmtion(years) 

FI = fraction ingested from contaminated source (unitless) 

BW = body weight (kg) 

AT = averaging time (days) 

Figures 6.1.1 and 6.1.2 provide the formulae for calculating the CDI for soil and groundwater. 

Tables are provided in the HHRA for each SWMU or AOC presenting the qwntification of 

exposure to environmental media through all applicable pathways. Future site worker and 

hypothetical site resident exposure are projected separately. In accordance with USEPA 

guidance, the potential exposure to volatiles originating from groundwater during domestic uses 

such as showering has been estimated to be equivalent to the ingestion of 2 liters/day of 

contaminated groundwater. To provide a conservative assessment of i n d a  exposure to 

groundwater, it was assumed that workers would shower at work using site groundwater. 

Although the inhalation CDI computed on this basis is equal to that for ingestion exposures, risk 

and/or hazard associated with W e d  volatile con- are characterized using bxicological 

values specific to the inhalation pathway (e.g . , U t i o n  slope factors and reference doses). 

6.1.4 Toxicity Assessnent 

6.1.4.1 Carcinogenicity and Noncancer Effects 

The USEPA has established a classification system for rating the potential carcinogenicity of 

environmental contminants based on the weight of sc id1c  evidence. The cancer classes are 

described below. Cancer weight-of-evidence class "A" (human carcinogens) means that human 

toxicological data have shown a proven correlation between exposure and the onset of cancer 
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(in varying forms). The "Bl" classification indicates some human exposure studies have 

implicated the compod as a probable carcinogen. Weight-of-evidence class "B2" indicates a 

possible human carcinogen, a description based on positive laboratory animal data (for 

carcinogenicity) in the absence of human data. Weightsfevidence class "C" identifies possible 

human carcinogens, a d  class "Dm indicates a compound not classifiable with respect to its 

carcinogenic potential. The USEPA has established slope factors (SFs) for carcinogenic 

compounds. The SF is defined as a ". . . plausible upper-bound estimate of the probability of a 

response (cancer) per unit intake of a chemical over a lifetime . . . "(RAGS, Part A). 

In addition to potential carcinogenic effects, most substances can also produce other toxic 

responses at doses greater than experhmtally derived threshold concentrations. The USEPA 

has derived Reference Dose (RfD) values for these substances. A cbronic RfD is defrraed as 

". . . an estimate (with uncertahty spanning perhaps an order of magnitude or greater) of a daily 

exposure concentration for the human population, including sensitive subpopulations, that is 

likely to be without an appreciable risk of deleterious effects during a lifetime." These 

toxicological values are used in risk fomulae to assess the upper-bod level of caacer risk and 

no-r hazard associated with exposure to a given concentration of contamhation. 



F'igure 6.1.1 

Formulae for Calcuiating CDI for Soil 

SOIL INGESTION PATHWAY 

Residential Scenario: 

Noncarcinogens - Child - ResidcMW Scenario: 

Cmcinogens (based on a l i f t h e  weighted ovemgc): 



6.1.1 (continued) 

Formulae for Calculating CDI for Surface Soil 

SOIL DIEIRMGL, CONTACT PATHWAY 

Residential Scenario: 

Noncminogens - Child - Reside& Scetuuio: 

Noncminogens - Adult - Residential Scentuio: 

Covcinogens (bared on a: lifethe weighted avenrge): 
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Uncertainty: Discussion and evaluation of the areas of recognized uncertainty in human 

health risk assessments in addition to medium- and exposure pathway-specific influences. 

Risk/Huzard Swnmaty: Presentation and discussion of the results of the tsquantification 

of exposure (risk and hazard) for the potential receptors and their exposure pathways 

identified under the current and future conditions. 

Remedial Goal 4ption.s: Computation of exposure concentrations corresponding to risk 

projections within the USEPA target risk range of 1E-6 to 1E4 for carcinogenic COCs 

and hazard quotient goals of 0.1, 1, and 3 for mncarcinogenic COCs. 

This' general process was followed in preparing the BRA for each SWMU and AOC within 

Zooe H at NAVBASE Charleston. 

6.1.2 Site Char-on 

When performing an HHRA, data are compiled to determine potential site-related chemicals and 

exposures for each medium as outhexi in RAGS Part A. The steps for identQing COPCs are 

discussed below. 

6.1.2.1 Data Sources 

As part of each investigation, soil, groundwater, surf.. water, sediment, air, and other samples 

were collected and analyzed to delineate the sources, nature, magnitude, and extent of any 

commination associated with current or past site operations. The data used in the BRA for each 

SWMU or AOC were obtained from the results of thc RFI and associated sampling activities. 

6.1.2.2 Data Validation 

Data validation is an m-the-fact, mkpemlent, systematic process of evaluating data pod 

comparing them to establishd criteria to confirm that they are of the technical quality necessary 
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to support tbe decisions made in the RFI process. P m t e r s  specific to the data are reviewed 

to determine whether they meet the stipulated DQOs. The quality objectives address five 

principal parameters: precision, accuracy, completeness, comparability, and representativeness. 

To venfy tbat these objectives are met, the following are examined to determine compliance with 

appropriate and applicable proceduncs: field meaamments, sampling and bandling p a u r e s ,  

laboratory analysis and reporting, and nonconformances and disaepmcies in the data. 

Zone H data were validated in 8 ~ ~ 0 ~  with the USEPA Contract Laboratory Program (CLP) 

Organic and Inorganic ~ t i o n a l  Guide- (USEPA, 1994a/b), as detailed in Appendix K of 

this RFI report. In their validated form, the Zoae W data were deemed usable for risk 

assessment purposes. Chlorinated dibenzodioxin and d i b e n z o b  data were closely scrutinized 

due to the analytical laboratory's departure from standard analytical methods. Although each 

SDG was not affected in the same way, some chlorioated dibenzodi0x.h and d i b e m h  data 

were qualified as EMPC during data vaiidation. The technical rationale for imposing the EMPC 

is detailed in Appendix K. Projected human health or ecological risk estimates based 

on these E M P C m e d  results probably represent the absolute maximum potential exposure 

and should be considered highly conservative. 

6.1.2.3 Management of SbRelatred Data 

All environmental sampling data were evaluated for suitability for use in thc quantitative BRA. 

Data obtained in the following ways were not considered appropriate for the quantitative BRA: 

I Analytical methods that are not specific for a partiwhir chemical, such as total organic 

carbon or total organic halogen. 

Field screening htruments including total organic vapor monitoring units and organic 

vapor analyzers. 



Figure 6.1.1 (continued) 

Formulae for Calculating CDI for Surface Soil 

VariPble 
BW, 
BW, 
ABS 

ADJ 

Description 
average child body weight (ages 1 4 )  (kg) 
average adult body weight (kg) 
absorbance factor (unitleu vduc specific to organic versus inorganic 
c o m p o ~ )  
dermal to 3mrbd dose djustment factor (unitless value specific to VOCs, 
SVOCS, a d  inoqpic compauilds) 
aahennce frctor (1 m g / d )  
child expome duration during (ages 1-6) (yr) 
adult exposure dura!im during (ages 7-31) Qr) 
Pdult worker expo- duration during (yr) 
residential =p== w=w (days&=) 
umkcr txposure frequency (daydyear) 
child soil inrake rate (@day) 
adult soil intake rate (mg/day) 
ha ion  contacted from c u n m  snurcc (unitless = 1) 
child soit dermal contact f a r  (mglday) 
dult soil dcrmal crntect factor (mg/day) 
averagins time (cahogm) 
werag& timt (nmcmimgcn adult) 
avmghg time (mncadmgcn child) 
chcmid in surf= soil (mg/kg) 
fraction rngtsted h contaminated source (uni11w = 1) 
conversion fpctor (1E-6 kg/mg) 

Notes: 
- CDI indicates Chronic Daily Intake 
- The worker scenario risk and hewd were calculated by substituting worker-spaific ammptions into the addt 

portions of the formulae *Isd then deleting the chiId portions of the formuk. 
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Figure 6.1.2 

Formulae for Calculating CDI for Groundwater 

GROWNDWATER INGESTION PATEWAY 

Residential Scenario: 

Noncaminogens - Child - Res idcW Scemdu: 

Carcinogens (based on a l i f e h e  weighted avemge): 



Figure 6.1.2 (continued) 

Formulae for Calculating CDX for Groundwater 

PATHWAY: GROUNDWATER INHALATION WHILE SHOWERING 

Residential Scenario: 

La 8 ~ ~ 0 -  with Technical Memorandum Guidance on Emirnuting Erposure to VOCs During 
Shauering (USEPA, 1991~): 

Variable 
BW,, 
BW,, 
 child 

Description 
average child body weight (ages 1-6) (kg) 
average adult body weight (kg) 
child exposure duration during (ages 1-6) (yr) 
adult exposure duration during (ages 7-3 1) @r) 
adult worker exposure duration during (yr) 
residential exposure fkequency (dayslyear) 
worker exposure frequerlcy (dayslyear) 
child water intake rate (mg/day) 
adult water intake rate (mglday) 
fraction ingested from con- source (unitless = 1) 
averaging time (carcinogen) 
averaging time (noncarcinogen adult) 
averaging time (nomarcinogen child) 
chemical concentration in groundwater (mgll) 

Notes: 
- CDI indicates Chronic Daily Intake 
- The worker scenario risk and hazard were calculated by substituting worler-specific 

assumptions iato the adult portions of the formulae and then deleting the child portions 
of the fomdae. 
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For carcinogens, the potential risk posed by a chemical is computed by multiplying the CDI (as 

mg/kg&y) by the SF (in reciprocal mg/kg-day). The HQ (for noncarcinogens) is computed by 

dividing the CDI by the RfD. The USEPA has set standard limits (or points of departure) for 

carcinogens and nominogens to evaluate whet& significant risk is posed by a chemical (or 

combination of chemicals). For carcinogens, the point-ofdepartm range is 1E-6, with a 

generally accepted range of 1E-6 to tE4. These risk v a h ~ ~  correlate with 1 in 10,000 and 1 in 

1 million excess incidence of caner resulting from exposure to xenobiotics (all pathways). 

For noncarcinogens, other toxic effects are generally considered possible if the HQ (or sum of 

HQs for a pathway - hazard index) exceeds unity (a value of 1). Although both cancer risk 

and no- hazard are generally additive (within each group) only if the target organ is 

common to multiple chemicals, a most conservative estimate of each may be obtained by 

summing the individual risks or ha7ards, regardless of target organ. The following HHRA have 

taken the universal mmmation approach for each class of toxicant. Details regarding the risk 

formulae applied to site data are provided in the risk characterization section of this document. 

Critical studies used in establishing toxicity classifications by USEPA are shown in the IRIS 

database (primary source) and/or HEAST, Fiscal Year 1995 (secondary source). If toxicological 

information is unavailable in IRIS or HEAST, values were obtained ftom reports issued by 

Envirommntal Criteria and Assessment Office (ECAO) Nation Center for Enviromned 

Assessment (NCEA). Where applicable, these values were also included in the database for 

these HHRA. The HHRA for each site with identified COPCs includes a table summarizing 

toxicological data in the form of RfDs and SFs obtained for the relevant COPCs, as well as 

ucertahty/modifying factors, target organs, and cancer classes (where avaiiablt). If fewer than 

three COPCs are identified for a specific SWMU or AOC, the above-referenced information 

may be provided excIusively in narrative fonn. 
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6.1.4.2 Toxicity Prof11es for COPCs 

In accordance with RAGS, the human health risk assessments include brief toxicological profiles 

for all COPCs. Most infomation for the brief profdes was gleaned from IRIS and HEAST, as 

mentioned in the preceding text aod toxicological database information table. Any additional 

references are noted specifically in the profiles. The profiles summarize adverse effects of 

COPCs a d  the amount of the C O X  associated with adverse effects. 

6.1.5 Risk Char-tion 

Risk characterization combines the results of the exposure assessment and toxicity assessment 

to yield qualitative and quantitative expressions of risk andlor hazard for the exposed receptors. 

The quantitative component expresses tk probability of developing w, or a nonprobabalistic 

comparison of the estimated dose with a reference dose for noncancer effects. These quantitative 

estimates are developed for individual chemicals, expo- pathways, transfer media, and source 

media, and for each receptor for all media to which one may be-exposed. The qualitative 

component usually involves comparing COC comxntsations in media with established criteria 

or standards for chemicals for which there are no c o r r e s p o ~  toxicity values. The risk 

characterization is used to guide risk management decisions. 

Germally, the risk characterization follows the methods prescribed by RAGS Part A, as 

modZd by more went information and supplemental guidance cited in the earlier sections of 

this report. The USEPA methods are appropriately designed to be health-protective, and tend 

to o v e ~ t e ,  rather than underestimate, risk. The risk results, therefore, are generally overly 

conservative, because risk characterization involves multiplying the conservative assumptions 

built into the exposure and toxicity assessments, 

This section of each HHRA characterizes the potential health risks associated with the intake of 

chemicals originating h r n  the respective site. The USEPA methods used to estimate the types 

and magnitudes of health effects associated with exposure to chemicals have been supplemented, 
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where appropriate, by graphical representations of risk aad hazard. This supplemental 

information is presented to more clearly depict the problem areas at the relevant sites on scales 

specific to individual sampling points. 

Risk Clmaderhtion Methodology 

Potential risks to humans following exposure to COPCs are estimated us@ methods established 

by USEPA, when available. As discussed above, these methods are health-protective and are 

likely to overestimate risk. Risks from hazardous chemicals are calculated for either 

carcinogenic or aomarcinogenic effects. Some carcinogenic chemicals may also pose a 

noncarcinogenic hazard. The potential human health effects associated with chemicals that 

produce systemic toxic and carcinogenic influences are characterized for both types of health 

effects. As mentioned in Section 6.1.3, inhalation exposure-related risk and hazard were 

computed using appropriate route-specif~c (Wation) SFs and RfDs (where available). 

Unlike the methods for estimating W e d  or ingested dose of COPCs, which quamfy the dose 

presented to the barrier membranes (the pulmonary or gastroint.esthl mucosa, respectively), 

dermal dose is estimated as the dose that cn>sses the skin d is systcznically absorbed. For this 

reason, oral toxicity values must be adjusted to reflect the demdly absorbed dose. 

Dermal IUD values and SFs are derived from the corresporsding oral values. In the derivation 

of a dermaI RfD, the oral RfD is multiplied by an oral absorption factor (ABF), expressed as 

a decimal fraction. The resulting dermal IUD is based on the absorbed dose and is an 

appropriate value for comparison to a dermal dose because dermal doses are expressed as 

absorbed rather than administered (6) doses. For the same reasons, a dermal SF is derived 

by dividii the oral SF by the ABF. The oral SF is divided rather than multiplied because SFs 

are expressed as reciprocal doses. 
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According to Appendix A of RAGS Part A, in the absence of specific data, an assumption of 

5 % oral absorption efficiency is a relatively conservative assumption. In the absence of specific 

data, USEPA Region IV suggests an oral-to-derrnal ABF of 80% for VOCs, 50% for SVOCs 

and 20 96 for inorganic chemicals (USEPA Region N, 1994a). These percentages (or associated 

hctions) were used in the HHRA and are reflected in the applicable riskmazard results. 

Chinogenic weds of Chemicah 

The risk attributed to carcinogenic exposue is estimated as tbe probability of an individual 

developing cancer over a lifetime as a result of exposure to a potential carcinogen. In the 

lowdose range, which would be expected for most environmental exposures, cancer risk is 

estimated from the following linear equation (USEPA,' 1989a): 

where: 

ILCR = incremental lifetime excess cancer risk, a unitless expression of the 

probability of developing cancer, adjusted for reference incidence 

CDI = chronic daily intake, averaged over 70 years (mglkg-day) 

SF = cancer slope factor (mgkg-day)-1 

For a given pathway with simultaneous exposure of a receptor to several carcinogens, the 

following equation is used to sum cancer risks: 

where: 

Risl$ = total pathway risk of cancer incidence 
ILCR(chexn,) = incremental lifetime excess cancer risk for a specific chemical 
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Cancer risk for a given receptor across pathways and across media is summed in the same 

manner. 

Nunc~~~inogenic Effects of Chemicals 

The risks associated with the nomfcinogenic effects of chemicals are evaluated by corn- 

an exposure level or intake with a ref- dose. The HQ, defined as the ratio of intake to 

RfD, is defined as (RAGS, Part A): 

where: 

HQ = h a r d  quotient (unitless) 

CDI = intake of chemical (mgtkg-day) 

RfD = reference dose (mglkg-ctay) 

Chemical noncarcinogenic effects are evaluated using chronic RfD values. An HQ of unity or 

1 indicates that the estimated intake equals the RfD. If the HQ is greater than unity, there may 

be a concern for potential adverse health effects. 

In the case of simultaneous exposure of a receptor to several chemicals, an HI will be calculated 

as the sum of the HQs by: 

HI = HQ, + HQ, + ... HQi 

where: 

HI = H& Index (unitless) 

HQ = Hazard Quotient (unitless) 
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Risk and hazard projections are summarized in tables on a medium-specific basis following the 

general discussions of risk and hazard -cation methods. For most SWMUs and AOCs, 

the following subsections are included. 

6.1.5.1 Surface Soil Pathways 

This section of each HHRA summarizes estimated surface soil risWhazard for each receptor 

group. In addition, the primary contributors to carcinogenic risk andlor nominogenic hazard 

are discussed. 

6.1.5.2 Groundwater Pathways 

This section of each HHRA includes a summary of estimated groundwater risWbazard for each 

receptor group. In addition, the primary contributors to carcinogenic risk andlor 

noncarcinogenic hazard are discussed. 

6.1.5.3 Other AppIicable Pathways 

This section appears in EMRA for sites where pathways other than soil and groundwater were 

identified. It summarizes estimated ris- for each receptor group. In addition, the 

primary contributors to carcinogenic risk a d o r  noncarcinogenic hazard are discussed. 

6.1.5.4 COCs IdentiT~ed 

This section rmmmarizes the outcome of risklhazard projections by identifying COCs for each 

impacted environmental medium. COCs are identified for each medium based on cumulative 

(all pathway) risk and hszard projected for each site, d are displayed in tables as appropriate. 

USEPA has established a generally acceptable risk range of 1E-4 to 1E-6, and a hazard index 

threshold of 1.0 (unity). In Zone H HHRAs, a COC was considered to be any chemical 

contributing to a cumulative risfc leveI of 1E-6 or greater W o r  a cumulative hazard index 

above 1.0, if its individual ILCR exceeds 1E-6 or its hazard quotient exceeds 0.1. For 

carcinogens, this approach is relatively conservative because a cumulative risk level of llE4 (and 
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individual ILCR of 1&6) is generally recognized by USEPA Region IV as the trigger for 

establishing COCs. The COC selection method presented was used in order to provide a more 

comprehensive evaluation of chemicals contributiqg to carcinogenic risk or mmucimgenic 

hazard during the remedial god options development process. 

Under the traditional risk-based COC trigger provisions, no carcinogenic COCs would be 

identified for a particular receptor grouplpathway combination if the overall cumulative site risk 

is less than 1E4. However, as described previously, the cumulative risk threshold used to 

identify COCs in the following HHRAs is two orders of magnitude more conservative, 1 M .  

6.1.5.5 RiskMazard Maps 

In addition to tbe standard tabular presentation of riskllutzard, summary risk and hazard point 

maps were plotted (where appropriate) for appiicable environmental media. When they rn used 

in an RFI, contour or point maps are generally developed to show the distribution and 

concentration of individual chemicals or groups of chemicals, or the associated &hazard 

associated with potential exposure through applicable pathways. 

As an extension of conventional &hazard deteminations, risk and hazard were calculated 

based on each COC's comxntmtion at each sample location. Maps were comtructd for tach 

combination of SWMU/AOC, medium, and pathway for which sufficient data were available to 

produce relevant presentations. Maps and other graphics were prepared only when they were 

considered a useful aid in data interpretation and/or CMS decision-making. If COCs were not 

identified in the HHRA for a specific site or an adeqwte explanation could be provided in 

narrative form, risk contours were not developed for that site. 

Surfer for Windows and Arcview, standad graphical data presentation md geographic 

information sys- packages, were used to plot the ridr/hnrd projections on SWMU/AOC 

maps. Mapping Risk Hazard (Section 6.1.6.7) describes the method used to locate the wntours 
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(where applicable), and discusses the mapping process uncertainties. The maps illustrate risk 

or hazard associated with COCs in the subject medium. The risk and hazard for individual 

locations were based exclusively on chemicals detected. For shallow groundwater (where 

applicable), maps address fmt- and secood-quarter analytical results to show any temporal 

variability in risk or hazard associated with fluctuations in related COC concentrations. Tables 

summarizing the data used to gemrate graphical presentations arc aIso provided. This 

information allows the reviewer to deterdm the oature of the contamkmts identified and also 

facilitates remedial alternatives screening as part of the CMS. 

6.1.6 Risk Uncertainty 

This section of the HHRA presents and discusses the uncertainty a d o r  variab'ity inherent in 

the risk assessment process in addition to medium-specific and exposure pathway-specific 

influences. Risk assessment sections are discussed separately below, and specific examples of 

u ~ ~ r t a h t y  sources are included where appropriate. 

6.1.6.1 General 

Uncertainty is a factor in each step of the e x p o m  and toxicity assessments ed in the 

pnxedii  sections. Overall, uncertainties associated with the initial stages of the risk assessment 

process become mawed when they are combined with other uncertainties. Together, the use 

of high-end estimates of potential exposure cuncentrations, freqwncies, durations, and rates 

leads to conservative estimates of CDI. Toxicological values for chemicals derived from 

USEPA databases and other sources are generally derived from animal studies. Uncertainty and 

moddying factors are applied to extrapolate the results of these studies to predict potential human 

r e p -  providing a margin of safety based upon confidence in the studies. During the risk 

characterization process, individual chemical risk is added to determine the incremental excess 

cancer risk for each exposure pathway. If the individual exposure predictions were based on the 

upper limit estimates of exposure to each chemical, the margin of safety of the cumulative 

incremental risk is the sum of all the individual safety margins applied throughout the process. 
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Use of these safety margins during all exposure and risklhazard computations provides an 
extremely conservative means of predicting potential human health effects. The margins of 

safety wnservatisms inherent in each step of the HHRAs ate addressed in the risk uncertainty 

discussion. It is not possible to elinhate all uncertainties or potential variability in the risk 

assessment process; however, recognhhg the influem of these factors is fhdamental to 

uuderstanding and subsequently using risk assessment mmlts. 

The risk uncertainty section of each HWRA presents the uncertainty and/or variability of 

site-specific and medWpathway-specific factors introduced as part of the risk assessment 

process, in addition to other factors influencing the ~ ~ t y  of the calculated incremental 

excess cancer risks and HQstHIs. Caldated risWhazard levels reflect the underlying variability 

of the analytical results they are based on; they also embody uncertainty about potentially 

unsampled maxima and minima in the analytes. It is important to note that the exposure 

pathways considered for selection in the exposun assessment section of the HHRAs are 

extremely conservative. 

Assumptions are made as part of the risk assessment process based on population studies and 

USEPA guidance.. This guidance divides the assumptions into two basic categories: the upper 

bound (90 to 95th percentile) and the mean or 50th percentile central tcmiency (0 eqmmc 

assumptions. As discussed in the Fqmm Assessment section, the RME exposure is based on 

the upper-bound assumptions, and CT exposure is based on mean assumptions. Therefore, risk 

and hazard calculated using RME exposure assumptions are germally overestimatts rather tban 

undmaimotes. The following pamgraphs discuss sources of uncertainty d variability 

pertinent to each exposure pathway evaluated. 

6.1.6.2 Quality of Data 

Data coUected during the investigation of Zon H are presented in Section 4 of tbis Rm, which 

includes results fmm 30 AOC ud SWMU sites and the QA/QC of those data. Data are 
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validated to verify that the QC raquirements of t'he dataset have been met and to characterize the 

weakness of questionable data. 

Environmental samples were collected at Zone H sites from August 1994 to June 1995 

(excluding the later quarterly groUDd-r sampling md). samples were analyzed by 

Pace Laboratories, except nine confiitory samples analyzed for dioxins at Southwest 

Laboratories. At a minimum 100% of the samples were reported using USEPA DQO Level III, 

wMe 10% were analyzed for Apptmd~~ M parameters using USEPA DQO Level IV. The 

analytical metbods and DQO laboratory deliverables are summarized on Table 6.1 in the Data 

Validation Summary, Appeadix K and Table 4.2 in Section 4. 

Most Zone H data were deemed usable for risk assessment as qualified. Polychlorinated 

d i b e d o x i a  and dibenzofuran data for some samples we= qualified as EMPC, indicating that 

the reported values may be positively biased. As a result, all exposure predictions made using 

data so qualaed should be considered absolute maxima. 

Most analytical results for environmentaI samples have inherent uncertainty. This uncertainty 

is a function of the matrix characteristics and heterogeneity and the precision and accuracy of 

sampling, preparation, and analytical methods. Although data are typically considered to be 

exact values, they are the laboratory's best estimate within a range defined by method control 

limits. As a result, reported concentrations for any chemical can be under or overestimates of 

actual coacentrations. 

6.1.6.3 IdentiTication of COPCs 

Rather than addressing ris- for all chemicals detected, screening values were used to 

focus the HHRA on pathways of concern and COPCs which individually exceed 1E-6 risk or 

an HQ of 0.1. 
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Expormre Pathways and Contadnants 

As discussed previously, each exposwe medium was compared using the most conservative 

screening value (residential land use) provided by USEPA. Many CPSSs were eliminated from 

the formal assessment on this basis. Much uncertainty has been alleviated by using the 

maximum detected concentrations in the screexhg comparison, together with low range 

risk/hazard goals. More constituents would have to be present at xmr-RBC concentrations to 

raise a concern for cumulative effects. Although ttae screening method is highly conservative, 

inhalation and dermal exposure are not incorporated into the soil screening values calculated by 

USEPA. If these pathways were the primary concern (as opposed to ingestion), the screening 

method could eiiminate c o ~ t s  that should be considered COPCs. Based on evaluation 

of Zone H surface soil data, it was detcmnhd that VOCs were not widespread. Soil-to-air 

cross-media tmspurt (via volatilization) was identified as a possible concern at SWMU 14 only 

as discussed in Section 5.3. Therefore, omission of the indirect air pathway from the process 

of developing the risk-based screening concentrations did not adversely affect their use. 

Comparison to Reference Concentrations (Badqmund) 

Because the intent of the HHRA is to estimate the excess cancer risk or health hazard posed by 

COPCs, a comparison of individual site data values of inorganic chemicals were compared to 

background referelre coacentrations in the RFI for Zone H subsequent to comparing the data 

to srrewing values. As a corolhy b a c w  screening methud, the Wilcoxon rank sum test 

was used to compare inorganic C O X  data populations at individual sites with corresponding 

reference data populations. Results of the fmed point and Wilcoxon tests were used to determine 

whether the concentrations differed significantly between onsite and background locations. 

Additional u n c e m  is immduced by compahg data to nonspecific screening ref- data. 

Although ?he background concentrations are specific to Zone H i  they are not individual 

SWMU-specific or AOC-specific. However, the large lumber of background samples and 

sample locations in Zone H krease confideme in the outcome of screening rtrPlyses because 
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a larger dataset accounts more adequately for natural variability in media composition. 

Furthermore, the dual approach to background screening d w e s  the probability that a COPC 

would be improperly dismissed from formal assessment. 

Ba~lcg.mud or non-site-related contamination was not considered in i d e m &  organic COPCs 

for SWMUs or AOCs in Zone H. The most h p e n t l y  identified soil pathway-related COPCs 

were carcinogenic PAHs which were addressed in terms of bem(a)pyrene equivalents. The 

compounds that make up this group are commonly found in association with asphalt, used oils, 

and combustion by-products. In Zone H, all three types of cPAH sources have been present at 

some time. During RFI activities, cPAHs were frequently detected w b  surface soil samples 

were collected close to roadways arad parking lots. Spatial analysis of cPAH detections indicated 

that asphaltic materials were not the sole source. In other areas, most notably combined 

SWMUs 9 and 14, there appears to be a correlation between elevated cPAH cofbcentratiom in 

surface soil and the presence of b k k  material with the consistency of cinders. 

This material, referred to as "coal clinker," has been used extensively across the zone for road 

base and general fdl purposes. Due to its coal origins and combustion generation process, the 

detection of cPAHs in soil mixed with the material is not unexpected. The characteristics of the 

material including a cinder consistency would tend to minimize coingestion with native soil. The 

material was present at the surface in some areas and buried beneath more recent soil fill in 

others. As a result, it was not possible to construct a comprehensive coal clinker distribution 

map. 

Elimination of Essential Nutrients 

In accordam with RAGS, the following nutrients were eliminated from Zone H HHRAs: 

calcium, sodium, potassium, magnesium, and iron. Toxicity from overexposure to the nutrients 

listed above is possible ody if human rezeptors are exposed to extremely high doses. USEPA 

recommends eliminating these compounds from formal risk assessment. Because no screening 
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comparison was performed, the HIS calculated in the fINRAs could be positively i n f l d  by 

tlze ~mtrient concentrations detected onsite. Therefore, the HIS are possibly underestimates. 

6.1.6.4 Charadethation of Jbposum Setting and Identification of Fkposum Pathways 

The potential for high bias is introduced through the exposue setting and pathway selection due 

to the highly conservative assumptions (i.e., futm residential use) recommended by 

USEPA Region IV when assessing potential future and current exposure. TIE exposure 

assumptions in the site-worker scenario are highly conservative and would tend to overestimate 

exposure. Current site workers are not exposed to site groundwater. They are rnfrequently 

exposed to surface soil when walking across the site, using commercial facilities, or mowing the 

grass. Site workers would not be expected to work in contact with affected media for 

eight hours per day, 250 days per year as assumed in the exposure assessment. Mowing grass 

52 days per year would result in one-fifth the proj- risldbazard for site workers. 

Residential use of the sites in Zom H would not be expected, based on current site uses and the 

nature of m u n d i n g  buildings. Furthermore, current base reuse plans call for continued use 

of Zone H as nonresidential property. These plans show most of the zone as mixed 

commercial / inda use with Iimited open areas for recreation. If this area were developed 

as residential sites, most of the present buildings would be demoIished and the surf'ace soil 

conditions would likely change - the existing soil could be covered with roads, paved 

driveways, laradscaping soil, and/or houses, or Wy could be made into playgrounds. 

Consequently, exposure to current surface soil conditions would not be likely under a true future 

residential scenario. These factors indicate that exposure pathways in the HHRA would 

generally 0~-te the risk and himud posed to current site workers and future site residents. 

To more ammtely assess potential exposure under current site conditions, existing fe8tures were 

evaluated to determine whethex they might preclude or minimize contact. Asphalt parkmg/road 

surfaces, buildings, and concrete slabs are features under which soil samples were collected. 
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Asfllming the future site use involves m- these structures, onsite workers would not be 

chronically exposed to soif beneath them. These factors were considered in calculating 

alternative EPCs for SWMUstAOCs with sigaificant surface features (where applicable) and 

generating descriptive text where: formal analysis was deemed uxmecessary. 

Where chronic RME estimates of riskmazard indicate that a sqpificant threat would be posed 

to human health, CT was analyzed. CT exporn scenarios were constructed consistent with 

standard exposure assumptions as provided in Sip@nd's Shmdurd Dsfault Ekposure Factors 

for the C e d  Tendency curd Rearonable Maximum Exposure-Drajt, (USEPA, 1993). 

Groundwater is not currently used in Zone H as a source of potable or process water. A 

basewide system provides drinkirag and process water to buildings throughout Zone H. This 

system is to remain in operation under the current base reuse p h .  As a result, shallow 

groundwater would not be expected to be used uoder future site use scenarios. Therefore, the 

scenario established to project risk/hazard associated with shallow grouodwater exposure is 

highly conservative, and associated pathways are not expected to be completed in the future. 

In addition, the shallow aquifer, monitored during the FWI process, nabrally contains si-cant 

concentrations of chlorides and dissolved solids. As a result, the potential utility of this water- 

bearing zone as a source of potable water is questionable. Absent potential potable uses, the 

applicability of tap water-based screening or remedial staradards is questionable. Figure 6.1.3 

shows shallow monitoring wells in Zone H which contain chlorides in excess of 250 mg/L 

during the first two quarterly monitoring events. 

Detemhation of Exposum Point Concentrations 

Based on the guidance provided by USEPA, EPCs are concentrations used to estimate CDI. The 

u n c e m  associated with EPCs stems primarily from their statistical d e t e h t i o n  or the 

imposition of maximum concentrations, described below. 
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Statistical Estimation of ExposuFe Point Concentrations 

USEPA'S Supplemental Guidance to RAGS: Galculating the Concenrrat'un Tern (1992c) 

guidance document outlines a statistical estimation of EPC. These calculated concentrations are 

95th percentile UCLs on tbe mean which are based on certain assumptions. USEPA assumes 

that most (if not all) environmental data are l o g n o d y  distributed. This assumption can lead 

to over- or underestimation of the comntration term because many environmental data are 

neither normally nor l o g n o ~ y  distributed. 

The UCL calculation method is provided in the Supplemental Guidance to RAGS= Calculating 

the Concentration Tern. This calculation includes a statistical value, the H-statistic, which is 

based on the number of samples analyzed for each COPC and the standard deviation of the 

results. To obtain this number, a table must be referenced, and the value mud be interpolated 

(estimated) from the table. The equation for the H-statistic has not been provided in the 

supplemental pidame, nor does the document referred to in ttme guidance provide the equation. 

Although the statistic a m  to be nodhar, a linearity assumption was made to facilitate 

interpolation of the staWc for each COPC addressed in the HHRA. 

Linear interpolation is a good estimate of H; however, it is important to note that the UCL 

formula and H are natural log values. Tbe effect of multiplying natural log numbers is not 

equivalent to multiplying untransfomed values. When data are log-transformed, adding two 

numbers is the equivalent of multiplying the two numbers if they were not transformed. The 

effect of multiplying a number while in log form is cxponentid; and here, H is applied as a 

multiplier. In summary, using this method to calculate the UCL has the effect of 

overestimating, and often provides concentrations greater than the maximum detected onsite. 

For all datasets having less than 10 total samples for a specific medium, thc maximum 

concentrations detected were used as EPC. The datasets in these risk assessments art generally 

s d ;  however, most consisted of 10 or more samples and the UCL was calculated for those 

groups. The Si t ed  number of soil and groundwater samples used to assess site conditions often 
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resulted in considerable variability between data points, and thus relatively high standard 

deviations about the mean. The high standard deviation results in elevated UCL projections. 

Although RAGS advocates using neither worstcase scenarios nor maximum concentrations as 

ES, the use of the H-statistic often necessitates using the reported maximum concentration as 

the EPC. In accordance with RAGS, the lesser of either the maximum concentration or the 

UCL is used as the EPC. As reviewed above, summation of risk based on numimum 

concentrations leads to overestimation of exposure, especially in the case of low detection 

fkequency or spatially segregated COPCs. This concept is further discussed below. 

Frequency of Detection and Spatial Distribution 

Because of the influence of standard deviation on EPC, low frequency of detection can cause 

COPCs to be addressed inappropriately in the risk assessment. More specifically, COPCs 

detected only once or twice in all samples analyzed (having concentrations exceeding the RBCs 

and reference concentrations) would be expected to have relatively higher standard deviation as 

concentration variability or range widens. Higher standd deviation results in a high H-statistic, 

and this typicdly leads to a UCL greater than the maximum concentration detected onsite. If 

that is the case, then using the UCL or maximum concentration detected as EPC (or possibly 

the inclusion of the COPC in question) may not be appropriate when EPC is assumed to be 

widely distributed. It is not feasible for a reaqtor to be simultaneously exposed to maximum 

concentrations of different contamham at several locations. The use of the maximum 

C O ~ ~ ~ O I I S  (or the UCL) is qwstionable for these c o w ,  and the calculated risk and 

hazard could be skewed upward or downward due to the low fhquency of detection. 

In some instances, hot spots can be defined within the investigation area. A hot spot is an 
isolated area of co~lcentrated c o ~ t i o n  within a larger area which is not impacted or not 

impacted as much as fk hot spot. Exposure -cation in the presence of a hot spot may 

be achieved by calculating a fraction ingestedffraction contacted (FWFC) from contaminated 
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For most sites, point maps were constrw&d to show the cumulative risklhazard computed at a 

specific point based on the location-specific data for the medium of interest. There were, 

however, instanus where contouriug of the projected riskmazard values was considered useful' 

with respect to scoping corrective measures. The following paragraphs discuss how contow 

maps were produced as well as SO- of unce-ty inherent in any interpolation contouring 

process. 

C o n t o m  involves fitting isolioes of elevation, co~lcentration, risk, etc. to a scatted or 

gridded set of points with known values. Tbe graphical result estimates a continuous surface. 

Because values are b o r n  at only a few of an infinite number of possible points on the surface, 

the mapping process iuvolves extensive himpolation between b u m  points to give estimated 

values. 

Of many possible interpolation methods, luiging is, statistically, the best linear unbiased 

estimator. It estimates more accwattly than other methods because it accounts for the variance 

of the underlying data values versus the distance between the data points. The relationshq 

between variance and distance is modeled for each dataset using a variogram, and the model 

serves to differentially weight the data from nearby points with known values that are used to 

estimate values at m M  points (i.e., points whose values must be interpolated between 

known points). Recognized spatial trends in the &ta can be 8~~0mmodated by specifying a drip 

(linear, quadtatic, etc.), while any known error variance in the data allows use of a nugget vczluc 

when determining t ? ~  type of variogram model to be used. Riskmazard contour maps for this 

RFI report were genexated using Surfer for Windows' default linear variogram model with no 

drift specified. The nugget value is automatically set to zero for the linear model. 

Any method of contour mapping, d or automatic, involves extensive estimation of values 

at u n m d  points. The mapping process itself is a generalization, in dut it converts point 

data to area (surface) data. The resulting mapped surfaces are known to be acnvate only near 
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the control points (that is, within and immediately mund the AOCs/SWMWs); accuracy 

decreases dramatically wbere there are large spatial distributions between clusters of points, as 

in parts of Zone H. In these areas, the maps should be considered rough indicators of trends, 

rather than reliable sources of accurate data values at specific points. 

Risk and hazard projection mapping is useful in risk assessment for determining whether hot 

spots (or isolated areas of gross co-tion) exist within an otherwise unimpacted area. This 

is important, as the lack of homogeneous cox&m&mt concentrations can affect h manner in 

which receptors are exposed to the affected media. As discussed earlier, it is sometimes 

appropriate to estimate the Man iugWcontacted from the contamhated source (FWFC 

factors) in computing CDI. Contour maps allow for visual d y s i s  of contmhnt distributions 

and facilitate estimation of the extent of hot spots relative to the overall site area. These maps 

dso support preliminary scoping of remedial mpimnents as well as assessment of potential 

cleanup alternatives in the CMS. 

As discussed above, lower conti- can be placed in the concentration estimates made by the 

kriging function (as represented by contours) in low sample density areas. Because the RFI 

focused on AOCslSWMUs, concentrations of background samples that were collected between 

the sites were not incorporated into the cox~tours, although these areas could influence 

risk./bamd plots developed for Zone H. The distribution of samples andlor data precluded 

meaningful graphical presentations at many AOCs/SWMUs. Because of the lack of calculated 

values for sum* background locations, mlatively planar risldhazard results were computed 

for some AOC/SWMU and media combinations. Essentially flat plots would be of little use in 

interpreting risklbazard projections. As a result, graphical outputs which fit this description 

were not generated, and narrative discussions of contaminant distribution are provided. The 

contour maps presented in Section 6.2 represent the spatially distributed risk and/or hamd of 

COCs identified in the risk assessment. 
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6.1.7 Ftisk Summary 

In each site-specific HHRA, this section summarizes risk and hazard projected for each receptor 

group, exposure medium, and exposure pathway. 

6.1.8 Remedial Goal Options 

RGOs are chemical concentrations computed to equate with specific risk andlor hazard goals that 

may be established for a particular site. As previously discussed, COCs are identified as any 

COPC that significantly contributes to a pathway of concern. A pathway having an ILCR 

greater than 1E-6 or HI greater than 1 is defined as a pathway of concern, and an individual 

chemical that contributes either 1E-6 ILCR or 0.1 HI is considered a significant contributor. 

Based on this method, COCs were identified which required calculation of RGOs. These are 

listed in the Risk Characterization section of the HHRA for each site. RGOs were calculated 

for all COPCs contributing to a pathway risk of 1E-6 or greater. Inclusion in the RGO table 

does not necessarily indicate that remedial action will be required to address a specific chemical. 

Instead, RGOs are provided to facilitate risk management decisions. 

In accordance with USEPA Supplemental RGO Guidance (USEPA Region IV, 1994b), RGOs 

were calculated at 1E-4, f E-5, and 1E-6 risk levels for carcinogenic COCs and HQ goals of 3, 

1, and 0.1 for noncarcinogenic COCs. RGOs for carcinogens were based on the lifetime 

weighted average and the adult site worker. Groundwater RGOs for the site resident and site 

worker are presented in separate tables (where applicable) in each site-specific HHRA. 

Hazard-based RGOs were calculated based on either the hypothetical child resident or the adult 

site worker, as noted in the each of the corresponding tables. 
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Table 6.1.1 
Parameters Used to Estimate CDI at RME 

Pathway Parameters Resident Adult Resident Child Adult Worker Units 

Surface Soil Ingestion and Dermal Contact 

Ingestion Rate (soil) 1 00(a) 200(1) 50u mglday 

Ingestion Rate (water) 2 1 1 Ltday 

Exposure Frequency 350@) 350(b) 250(b) daysly ear 

Exposure Duration 240 2 5 (c) Y m  

Dermal Contact Area 4,10O(d) 2,90O(d) 4,1000 cm2 

Skin Adherence Factor 1 1 1 mglcm* 

Absorbance Factor 0.01 c-ia) 0.01 (agania) 0.01 (=pis) unitless 
0.001 ( imxw) 0.001 (inrpu) 0.001 (i-is) 

Dermal Adjustment Factor 0.8 pma, 0.8 cvoc,) 0.8 WOCS) 

0.5 amiccaapoondr) 0.5 ( h r  mmmpuudr) 0.5 (orhtr awic oompoundr) unitless 
0.2 (im-) 0.2 (i-ia) 0.2 (im-) 

Conversion Factor 1 E-6 1 E-6 1 E-6 kg/mg 

Body Weight 70@) 1 5 (a) 700 kg 

Averaging Time, 8,7600 2,190(.) 9,125(.1 
days 

Noncancer 

Averaging Time, Cancer 25,55O(fJ 25,550(9 25,550(0 days 

Notes: 
(a) = USEPA (1989a) Risk Assessment Guidance for Superfund Vol. I: Human Health Evaluation 

Manual (Pan A). 
= USEPA (1 99 lb) Risk Assessment Guidance for Superfund Vol. I: Human Health Evaluation Manual 

Supplemental Guidance, Standard D#ault ~ o s u r e  Factors, Interim Final, 
(c) = USEPA (1991a), RisklQssessmcnr Guidance for Superfund: Vol. I: Human Health Evaluation Manual 

(Pan B, Development of Risk-based Preliminary Remediation Goals). 
(d) = Resident Adult accounts for head, hands, and forearms at 90th percentile values from Table 4B-1, 

Eyosure Factors Handbook (USEPA, 1989d) ; assumes individual is clothed with shoes, long pants, 
and short sleeves; rounded up from 4,090 cm2. 
Resident Child accounts for head, hands, forearms, lower leg, and feet using 90th percentile total body 
surface area values for male children 1-6 years of age (6,000 cm* assumed for 1-2 year old); because 
individual body part information is not available for 5-6 year olds, mean of other groups was assumed. 
Forearm surface area set equal to 46% of full am; lower leg set equal to 41 % of full leg measurement. 

(e) = Calculated as the product of exposure duration (years) x 365 dayslyear. 
(0 = Calculated as the product of 70 years (assumed lifetime) x 365 days per year. 
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6.2 Site-Specific HHRA 

The following sections present the HHFW prepared for individual SWMUs and AOCs, and each 

SWMU/AOC groupl for the RFI. The HHRA were organized as described in the following 
4.. 

pmgraphs* 
A 

SWMU 9 (Xncludes SWMUs 19,20,121 and AOCs 649, 650, 651 and 654) 

These locations were grouped because they are close to SWMU 9 proper (the former mixed 

waste lamWill). For the HHRA, soil-related pathways were addressed on S W M U  or 

AOC-specific basis. Shallow and deep groundwater were addressed for the entire area with no 

distinctions made relative to individual S\NMUs or AOCs. 

SWMU 13 

No other SWMUs/AOCs were included in the assessment for SWMU 13. 

SWMU 14 (Includes SWMU 15 and AOCs 670 and 684) 

This grouping was made because of S W M U  15 aad AOCs 670 snd 684 are close to SWMU 14 

proper (the chemicaI disposal area). For the HHRA, soil-related pathways were addresd on 

a SWMU- or AOC-specific basis. Shallow and deep groundwater were addressed for the entire 

area with no distinctions made relative to individual SWMUs or AOCs. 

SWMUs 13, 17, 159, and 178; AOCs 653, 655, 656, 659, 660, 662,665, and 666 

The HHRA for each of these sites is prtsented in individual sections. 

AOC 6631SWMW 136 and AOC 667ISWMU 13% 

The soil ud groundwater investigations at these two sites resulted in an overlapping sampling 

effort. Due to their proximity and similar CPSS lists, the data for these sites were combined 

for use in a composite HHRA. 



Find RCRA F m M ~  kycstig4tlion Report for Brie H 
NAVBASE CWrkton 
S d o n  6: BPteline Risk Asscssrmnt 
July 5.19% 

Other Impacted Areas 

This assessment addressed three locations that were initially investigated as background grid 

locations (G07, G38 and G80). h x h g  the initial sampling round, results indicated that the 

areas had been impacted. Supplemental samples were collected a d  human health risk 

assessments were performed for each. Although these areas are not necessarily close to one 

another, they were addressed as a group due to shhrities in origin. The assessments were 

based on data specific to each location. 

The HHRA for each SWMU, AOC, or group are presented in the following sections. The tables 

for each SWMUiAOC specific fMRA immediately follow the msection in which they were 

referenced and in the order they were referenced. 
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source factor based on the percentage of the total exposure area emmpassed by the hot spot, 

then using this tenn to modify the maximm (or restricted area average) contaminant 

concentration to derive the EPC. Risk and hazard map presentations were used to determine the 

percent area affected at more complex sites. 

6.1.6.5 Toxicity Assessment I n f o d o n  

There is a generally feco- umertaiuty in human toxicological risk values developed from 

experimental data primarily due to the uncertainty of data extraplation in the areas of high- to 

lowdose exposum and animal data to human experience. The site-specific uncertainty is mainly 

in the degree of accuracy of the exposure assumptim. Most of the assumptions used in this and 

any risk assessment have not been verified. For example, the degree of chemical absorption 

h m t h e  gut or through the skinor tbe amount of soil contact is not known withcertainty. 

The uncertainty of toxicological values from the IRIS ~JXI HEAST databases provided by USEPA 

is fllmmarized (where available) ia each human health risk assessment. The uncertainty factors 

assigned to these values account for acute to chronic dose extrapolation, study inadequacies, and 

sensitive subpopulations among other factors. Although uncertainty factors for a specific 

compound may be 1,000 or higher, these safety factors are applied by USEPA to assist in 

guaranteeing that the OVW atwumat of risk/hazard is conservative toward human health 

concerns. In the presence of such uncertainty, the USEPA and the risk assessor are obligated 

to make conservative ~ t i o n s  so that the chance is very small for the actual health risk to 

be greater than what is determid througb the risk assessment process. On the other hand, the 

process is not intended to yield overly conservative risk vaiues that have no basis in actual 

conditions. This b a h x  was considered in developing exposure ~ t i o n s  .td pathways md 

in interpreting data and guidaw for Zom H HHRAs. 
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Evaluation of Dioxin Congeners as 2,3,7,&TCDD Equivalents 

Where chlorinated dibenzodioxins and dibe~lzofurans (dioxins) were identified in soil, 

2,3,7,8-TCDD equivalent concentrations were derived by multiplying the concentration of each 

dioxin congener by its corresponding USEPA TEF. resulting TEQs were then summed for 

each sample, and the total was compared to the 1 pgkg AL. If the total TEQ value was less 

than 1 pgikg, it was concluded that soil dioxins do not pose an unacceptable risk. Groundwater 

exposure quantification was performed using TEQ v a l w  computed for each individual 

monitoring point. 

Evaluation of Chemicals for Which No Toxidty Vdues Are Available 

In addition to the typical uncertainties inherent in toxicity values, parameters which do not have 

comsponditlg RBCs due to the lack of approved toxicological values were not included in the 

CDI calculation data. This does not indicate that chemicals lacking approved toxicofogical 

values pose no ris-. As stated previously, essential nutrients were eliminated based on 

their low potential for toxicity. Therefore, these chemicals were not assessed further in the 

HHRA. 

6.1.6.6 Quantif~cation of Risk/Hazard 

This section of each HHRA is reserved for discussion of potential sources of uncertainty or 

variability identified in the quantification of risk and hazard that are not covered in p r e d h g  

sections. Each exposure medium formerly assessed is briefly discussed. 

6.1.6.7 Mapping Risk/Hazard 

Included in Section 6.2 are summary risk and hazard maps developed to present HHRA results. 

Location-specific totals were summed and plotted to illustrate total risk &or total hazard at 

sites w h ~  data supported such a representation. Section 6.1.5.5 presents methods used to 

construct the risk/hazard maps. 
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6.2.1 Baseline Risk Assessnrent for SWMU 9 

6.2.1.1 Site Backgmmd and Investigative Approach 

The focus of the investigation at combined SWMU 9 (which inc1udes SWMUs 9, 19, 20, and 

121 aad AOCs 649,650,651, and 654) was the assessment of soil and groundwater potentially - 

affected by past site activities. SWMO 9, a mixed-use landfill tbat was closed in 1973, and its 

associated sites has been the focus of previous assessments andlor investigative activities. Site 

histories and uses are detailed iu Section 6.2.1.3. The following paragraphs summarize the RFI 

samples collected in each investigative area. 
- - 

Soil 

SWMU 19 

Table 6.2.1.1 shows surface soil sample locations and the analytical mcthods used for the 

18 samples collected at this site. 

s m  20 

Table 6.2.1.2 shows surface soil sample loc8tiom and the analytical methods used for the 

11 samples collected at this site. 

Smuu 121 

Table 6.2.1.3 shows surface soil sample locations and analytical methods used for the 

17 samples collected at this site. One sample was analyzed for dioxin only. 

AOC 649 

Table 6.2.1.4 shows SUrfiice soil sample loutions and analytical methods used for the 

10 samples coilezwi at this site. 
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Table 6.2.1.5 shows surface soil sample 1ocaZions and analytical methods used for the 

nine samples collected at this site. 

AOC 654 

Table 6.2.1.6 shows surface soil sample locations and analytical methods used for six samples 

collected at this site. 

Groundwater 

Groundwater samples collected from 21 shallow and eight deep zone monitoring wells were 

analyzed for parameters similar to those for soil samples. The lists of fmtquarter shallow and 

deep groundwater samples and comspoading analyses are shown in Tables 6.2.1.7 and 6.2.1.8, 

respectively. Secondquarter shallow and deep groutwater samples and corresponding analyses 

are shown in Tables 6.2.1.9 6.2.1.10, respectively. 

Soil sample locations at SWMU 9 wert named on an individual site basis (SWMW 19, 

SWMU 121, AOC 650, etc.), and analytical results are presented in the tables accordingly. In 

contrast, groundwater monitoring wells at SWMU 9 were all assigned "009" as part of their 

location designations, except one shallow well at SWMU 121, and results are presented in single 

lists for each quarterly monitoring event and depth interval. 

6.2.1.2 C O X  IdenW~cation 

Soil 

s m  19 

Table 6.2.1.11 shows surface soil COPCs identified at this site. Antimony, Aroclor-1254, 

Aroclor-1260, arsenic, BEQs, beryllium, copper, lead, nickel, and zinc were identified as 

COPCs based on the RBC m e n .  Arsenic, copper, lead, nickel, and zinc were i-~ed 

as COPCs based on the UTL comparison, and capper, lead, nickel, and zinc were identified as 
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COPCs basad on the Wilcoxon rank sum test, the d t s  of wbich are presented in Appendix J. 

Of two samples analyzed for TPH, coxzentrations exceeding 100 mgkg (170 to 189 =/kg) 

wen reported at two sample locations within SWMU 19. 

SWMU 20 
Table 6.2.1.12 shows surface soil COPCs identified at this site. BEQs were identified as 

COPCs based on the RBC comparison, but no COPCs were identified based on either the UTL 

comparison or the Wilcoxon rank sum test, the d t s  of which are pmented in Appendix J. 

SWMU 20 surface soil was not analyzed for TPH. 

s m m  121 

Table 6.2.1.13 shows surface soil COPCs identified at this site. Antimony, Amlor-1254, 

Aroclor-1260, arsenic, BEQs, beryllium, copper, I d ,  nickel, and zinc were idmtified as 

COPCs based on the RBC comparison. Arsenic, beryllium, copper, lead, nickel, mi zinc were 

identified as COKs based on the UTL comparison, and beryllium, copper, lead, nickel, and 

zinc were identified as COPCs based on the Wilcoxon rank sum test, the results of which are 

presented in Appendix J. TPH was reported at I50 mgtkg in the one samplc at SWMU 121. 

AOC 649 
Table 6.2.1.14 shows surface soil COPCs ichMied at this site. BEQs and mercury were 

identified as COPCs based on the RBC and UTL corn-n, but no COPCs were -ed 

based on the Wilcoxon rank sum test, the results of which are pmated in Appendix J. TPH 

in AOC 649 and 650 surface soil ranged from 160 to 980 -/kg based on two samples amiyzed. 

AOC 650 

Table 6.2.1.15 shows surface soil COPCs identified at this site. Aroclor-1254, BEQs, aad 

copper wen identified as COPCs based on the RBC coqarison. Copper was also identified 

as a COPC based on comparison to the UTL. No COPCs were H i e d  based on the 
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Wilcoxon rank sum test, the nsults of which are presented in Appendix J. TPH in AOC 649 

and 650 surface soil ranged from 160 to 980 mgkg based on two samples analyzed. 

AOC 654 

Table 6.2.1.16 shows w, surface soil COPCs were ide&~ed at this site. One surface soil 

sample was analyzed for TPH at AOC 654, and now was reported. 

Based on the screening wmprisofls described in Section 6.1.3.4 of this report, the focus of this 

BRA pertaining to surface soil is on the COPCs shown in Tables 6.2.1.11 through 6.2.1.16 

which correspoQd with SWMUs 19, 20, and 121 and AOCs 649, 650, and 654, respectively. 

Because AOC 651 overlaps AOCs 649 and 650, its samples were grouped with either AOCs 649 

or 650. Therefore, a separate scrttning table was not developed for AOC 651. No COPCs 

were identified at AOC 654, and consequently, AOC 654 was not assessed further for to 

potential soil exposure pathways. 

In addition to risk-based screening, contaminant concentrations were compared to background 

using two parallel statistical tests. Methods and a results summary of background UTLs and the 

Wilcoxon rank sum test are presented in Appedix J. Wilcoxon rank sum test results generally 

indicated that there was no significant difference between p u p  sample concentrations at 

SWMU 9 sites and background concentrations for any inorganic constituent. 

Groundwater 

COPCs -ed in fm- and secondquarter shallow groundwater for SWMW 9 arc shown in 

Tables6.2.1.17and6.2.1.18, nqxctively. COPCsidentifiedinfirst- andsecond-quarterdeep 

grouxlwatcr for S W  9 are shown in .Tables 6.2.1.19 and 6.2.1.20, respectively. Results of 

Wilcoxon rank sum tests indicate that, of the inorganic chemicals in Table 6.2.1.17, barium 

c o ~ o n s  were siguificantly higher than background (with over 99% confidence) at 
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SWMU 9, while lead concentrations were not sigdhntly higher than backgrwod (test rcsuits 

are presented in Appendix J). 

Hmt-Qudw Sirallow Gmundwder 

Table 6.2.1.17 presents the COPCs identified bgsed on RBC comparhm. In addition to the 

risk-based comp&~.u, barium and lead were idcntifed as COPCs based on the UTL 

comparison. Vanadium was also M i e d  as a COPC based on the Wiicoxon rank sum test 

(rn* J). 
- - 

Stcond-Quiuter Shallow Gmundwater 

Table 6.2.1.18 presents the COPCs identified basad on RBC comparisons. Barium aab lead 

were i-ad as COPCs based on the UTL cornparisan, and vanadium was also identified as 

a COPC based on the Wilcoxon m k  sum test (Appendix J). 

2 h t - W e r  Lkep Gmundwater 

Table 6.2.1.19 presents h e  COPCs idenWled based on RBC comparisons. No COPCs were 

identifled as COPCs based on either the WTL comparison or the Wilcoxon rank sum tat 

(Appendix J). Because manganese concentrations reported for deep groundwater exceeded the 

UTL, manganese was included as a COPC. 

Second-Wer Deep G m h a t e r  

Table 6.2.1.20 presents the COPCs identified based on RBC comparisons. No COPCs wcre 

identified based on either the UTL comparison or the Wilcoxon rank sum test (Appendix J). 

Because manganese concentrations reported for deep groundwater exceeded the ZTTL, manganese 

was included as a COPC. 
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6.2.1.3 Exposure -t 

ExpoflveSetting 
The exposure setting at SWMU 9 is a closed mixed-use that operated from the 1930s 

until 1973. This combined site includes eight AWs/SWMUs (SWMUs 9, 19, 20, and 121 - 

and AOCs 649,650, 651, aad 654) that are within the laodfill boundary and therefore, will be 

included in this review process. The landfill reportedly contains asbestos, varnish sludge, 

mercury, electroplating waste, paint wastes, PCBs, and medical wastes. Solid waste was 

reportedly disposed M y  into tidal marshes. Additionally, the waste was sometimes burned 

to reduce volume. -. - 

SWMU 9 also contains a solid waste transfer station (SWMU 19) for temporary storage of solid 

waste prior to offsite disposal. The mixed waste was formerly stored on bare ground, but is 
. . now co-. 

SWMU 20 is the site of previous waste msal and storage area. For several years starting in 

1985, batteries, concrete, wood, SBndb1sthg residue, and other waste were stored on the bare 

ground, with no containment. 

S W M U  121 cncompassts Building 801 and an associated S M .  For the past six years, 

Mding 801 has been used to collect, sort, aab store recyclables. The associated SAA was an 

8-foot by &foot sheet metal building with a concrete floor and no secondary contairnnent. It 

stored hazardous waste, including paint, used oil, and automotive batteries. 

AOCs 649,650, ad 65 1 stored wastes and products for subcontractors such as Metal Trades, 

Inc., SandbIasters, Inc.; and Braswell Shipyards. These storage areas contained welding 

supplies, abrasive materials for sandblasting, and metal product waste material from the 1970s 

until 1991. 
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Also within S W M O  9 is AOC 654, an abandoned septic tank c o d  to Building 661 and its 

associated drain field. This septic tank was used from 1%8 until 1978 during which the raw 

sewage in tbt tank reportedly overflowed during heavy use. 
- 

The future use of the areas in SWMU 9 will be used as a buffer zoa~ between the future cargo 

t e rmid  zone, the Marine Indukial Park, and the area south of NAVBASE, accodsng to the 

current base reuse plan. 

PokntiaNy Expcrsed Populations 

Potentially exposed populations are m n t  and future site workers. Additional potentially 

exposed populations are hypothetical future site residents. Future site resident and worker 

exposure scenarios were addressed in this risk assemment. Tht hypothetical future site worker 

scenario assumed conthous exposure to surface soil conditions and the use of shallow 

groundwater as a potable water source. Current site workers' exposun would be less than that 

assumed for the hypothetid future site worker scenario because of their limited soil contact aod 

the fact that groundwater is not currently used onsite. Therefore, future worker assessment is 

considered protective of current site users. 

Expomve Pathways 
Exposure pathways for future site workers are dermal contact and incidental ingestion of surface 

soil, and hypothetical use of groundwater as a potable water source. Tbe exposure pathways for 

future residential land use (hypothetical adult and child residents) are the same as those for the 

fume site worker. For surface soil, uniform exposure was assumed for all sample locations 

within each SWMU, while AOCs 649, 650, and 651 were groupad due to theor proximity. 

Shallow and deep groundwater w m  assessed assuming uniform exposure across the area of 

SWMU 9. For each aquifer, ingestion and inhalation pathways were assessad (where 

appropriate). Table 6.2.1.21 justifies exposure pathways in this HHRA. 
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l$qmmre Point c o ~ t r a t i o ~ t p  

As discussed in Section 6.1.4.4 of this report, UCLs were calculated for datasets consisting of 

at least 10 samples. Soil EPCs for SWMUs 19, 20, 121, and AOC 649 are based on UCLs, 

whi&areshownhTablts6.2.1.22,6.2.1.23,6.2.1.24,d6.2.1.W, respectively. Fewerthan 

10 samples dehmte tk extent of CPSSs detected at AOC 650, and the maximum reported 

surface soil C O X  commtmtions w a e  used as EPC. EPCs for hrst- and secondquarter 

shallow @water are based on UCLs and arc shown in Tables 6.2.1.26 and 6.2.1.27 in 

standard sitewide RME assessments. The maximum reported c u ~ t i o n s  were used as the 

deep groundwater EPCs in standard sitewide RME akssmenrs. 

Quantification of Expame 

CDIs for hgestion and dermal contact with soil are shown in Tables 6.2.1.28 h g h  6.2.1.37. 

Soil 

SrYMU 19 

Tables 6.2.1.28 and 6.2.1.29 show surface soil CDI estimates for ingestion and dermal contact, 

respectively. 

SWMU 20 

Tables 6.2.1.30 and 6.2.1.31 show surface soil CDI estimates for ingestion and dermal contact, 

respectively. 

Swuu 121 

Tables 6.2.1.32 and 6.2.1 -33 show surface soil CDI estimates for ingestion and dermal contact, 

respectively. 
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Tables 6.2.1.34 and 6.2.1.35 show surf= soil CDI estimates for ingestion and dermal contact, 

respectively. 

AOC 650 

Tables 6.2.1.36 and 6.2.1.37 show surface soil CDI estimates for ingestion and dermal contact, 

respectively. 

Groundwater 

CDIs were estimated for each quarter and water-baring zox  0. First- and secondquarkr 

CDIs for M o w  d deep groundwater ingestion/hMation are presented in Tables 6.2.1.38 

through 6.2.1.41, respectively. 

6.2.1.4 Toxi* Assessment 

Table 6.2.1.42 presents a summary of toxicological risk information used in this BRA. Brief 

toxicological profiles for S W M U  9 COPCs are presented below. 

Benzene is a VOC associated with leukemia. This chemical has been used as a solvent in coal 

tar naphtha, rubber, and plastic cement (Dreisbach et d., 1987). USEPA lists benzene as a 

group A carcinogen. As listed in IRIS (search date 6/29/95), the classification is based on 

several studies of increased incidence of nonlym~hocytic leukemia fnrm occupational exposure, 

increased incidence of neoplasia in rats and mice e x p o d  by iddation and gavage, and some 

supporting data. In large doses, benzene depresses the central nervous system (CNS), and 

chronic e x p o w  depresses bone marrow. The oral SF for b n m ~  was set by USEPA as 

2.9E-2 (mgikg-day)l, and a provisional oral Rfl) has becn set at 3E-4 mglkg-day. The 

inhalation RfD was 0.00171 mg/kg-day, and tbc M a t i o n  SF was 0.029 (mghcg-daykl. 

Occupational inbalation'exposure to benzene is acceptable by Occupational Safety and Health 
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Adminimation (OSHA) at concentrations of 3.25 mgim3 or 1 ppm in air National Institute for 

Occupational Safety and Health NOSH,  1990). 

-.. 

Hexucirlombenzene is a VOC that targets the liver, and USEPA determined the RfD, to be 

0.0008 mgfkg-day. As discussed in IRIS (search date 6/29/95), long-term effects have been 

demomtmkd by the epidemic of porphyria cutam tarda (PCT) in Turkish citizens who 

accidentally c o d  bread made from grain treated with h e x a c h l o r o ~ .  other forms of 

toxic effects include neumtoxicity, liver damage, reduced growth, and arthritic. changes in 

appendages of exposed children (through both direct a d  indirect exposure). The uncertainty 

factor for this compound is 100 and the rn- factor- is 1. As listed in IRIS, 

hcxachlorobe~lzene has been determiax! to be a class B2 carcinogen, and based on induced 

tumors in the liver, thyroid, aad kidney in three rodent species when admmskd 
. . orally. The SF, 

was 1.6 (mgtkg-day)-'. 

1,2-Dkhbmethene, or 1,2-dichloroethylene, is a halogenated hydrocabn associated with 

toxicity to the mucous membrane, s h ,  lung, cornea (irritation), and liver. This compound is 

less toxic than its alkane counterparts, and is neither mutagenic nor mcinogenic (Dreisbach 

et al., 1987). There is no USEPA carcinogenicity listing for this compound. However, the 

RfQ, has been set to 0.009 mgkgday by USEPA (HEAST RfD, for total 1,2-dichtoroethene). 

As listed in IRTS (& date 6/29/95), the critical effect of this chemical is increased serum 

allcaline phospbatase in male mice. Thc uacertainty factor was 1,000 and the modifying factor 

was 1. The IRIS IUD for trans- l ,2dichlo~ne is 0.02 mgkg-day. 

Mctltyhne cMoridc, a common industrid solvent, has also been used in tht post-harvest 

fimgation of strawberries and commodity fumigation of grains, and with ethylene for 

degreenhg citrus fruits. This compound causes CNS depression and lung and liver damage. 

Synergistic hepatotoxic effects are possible during wrrtsponding exposure to enzyme inducers 

such as alcohols and ketones @reisbach et al., 1987). Methylme chloride is a USEPA class B2 
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carcinogen, and the SF, and SF, have betn set by USEPA to 0.0075 and 0.00164 (mglkg-day)-1, 

respectively. As listed in IRIS (search date 6/29/95), the classif~cation is based on inadequate 

human data but sufficient evidence of carcinogenicity in animals; increased incidence of 

hepatoceHular neoplasms and alveolar/bronchiolar neoplasms in male and female micc, and 

increased incidence of benign mammary tumors in both sexes of rats, (salivary gland sarcomas 

in male rats and leukemia in female rats). This classification is supported by some positive 

gemtoxicity data, although results in mrunmalian systems are gerally negative. The RfD, and 

RfD, are 0.06 and 0.857 mg/kg&y, respectively. As listed in IRIS, the critical effect is liver 

toxicity. The uncertainty factor was 100 and the modifying factor was 1. - 

b c r d  has been classified as a group B2 carcinogen by USEPA based on snimsl data. No IUD 

or SF has been set by USEPA. However, an AL for soil pmkdive of child midents has been 

proposed by USEPA Region IV: 400 mg/kg. USEPA'S Office of Solid Waste and Emergency 

Response (OSWER) has r c c o m  a 1,000 mgkg cleanup standard for industrial properties. 

USEPA'S Office of Water has established a treatment technique AL of 15 p g L .  As listed in 

IRIS (search date 10/17/95), the classification is based on sufficient animPl evidence. Ten rat 

bioassays and one mouse assay have shown statistidy significant increases in renal tumors with 

dietary and s u b c u ~ u s  exposure to several soluble iead salts. Animal assays provide 

reproducible results in several laboratories, in multiple rat strains with some evidence of multiple 

tumor sites. Short-term studies show that lead affects gene expression. Human evideme is 

inadequate. An RtD and SF have not been set because of the confounding nature of lead 

toxicity. Lead caxl accumulate in bone marrow, and effects have been observed in tbe CNS, 

blood, and mental development of children. RfDs are based on the assumption that a threshold 

must be exceeded to result in toxic effccts (other than carcinogenicity). Oncc lead acumhtcs  

in the body, other infl- cause the actual levels in the blood to fluctuate - sometimes the 

lead is attached to binding sites, and sometimes lead is free-flowing. If an individual who has 

previously been exposed to lead loses weight, fat-- lead can be set free. This fluctuation 
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and lack of previous lead expome data are two of the -11s lead effects are difficult to predict 

(IUaassen ct al., 1986). 

Mtrrury occurs in three forms: elemental, organic, and inorganic. The major source of this 

element is the degassing of the earth's crust. Target organs of inorganic mercury klude the 

kidney, oervous system, fetus, and oeonate. In other words, this inorganic can be toxic to a 

fctus i f t k  mother is exposed during pregnancy. Mercury is toxic to aIl cells in the body. It 

binds to enzymes in the ctUs and disrupts their W o n ,  usuaHy causing the cell to become 

useless or die. Because this inorganic elenrent is amentrated in the kidney prior to excretion, 

the kidney is a major target organ for mercury ingestion. The primary target of mercury vap? 

is  the brain. Some f o m  of mercury are drawn towards fats in the body (such as the nervous 

system), where ttre chemical form is metabolized into its toxic form. This causes the nervous 

disorder known as Minimata disease - overexposure to mercury through ingestion of 

amamhated fish. At Minima@, fish ingested inorganic mercury from an industrial discharge, 

and the! inorganic fonn was metabolized to organic mercury (Klaassen et al., 1986; 

Dreisbach et al., 1987). As listed in IRIS (search date 6/29/95), the D c~assification is based 

on badequate human a d  animal data. Epidemiologic studies failed to show a correlation 

between expome to eicmental mercury vapor a d  carcinogenicity; the findings in these studies 

wert confounded by possible or known co- exposures to other chemicals, including 

human carcinogens, as weU as l i f ' l e  factors (e.g., smoking). F i t a d i  from genotoxicity tests 

are severely limited and provide equivocal evidence that mercury adversely affects the number 

or structune of chromosomes in human somatic cells. USEPA set mercury's RfD to 

0.0003 mg/kg-@iy (ieorganic form). Mercury is liquid at room temperature, and is poorly 

absorbed in this form, if ingtsted. Typical daily exposure is less than 1 pg/Lday. As fisted in 

IRIS (search date 6/28/95), the critical effect of this chemical is hand tremor hxeases in 

memory distubances and slight subjective d objective evidence of autonomic dysfunction. 

The uacertainty factor was 30 and the modifying factor was 1. The HEAST ref- 

collcentration (RfC!) is 0.0003 rnglmg. 
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Vimadhm is not readily absorbed though the skb or oral ingestion a d  is a ubiquitous element. 

It is also e by-product of petmleum rrfining. Vanadium is soluble ia fats and oils (Klaassen 

et al., 1986). Municipal water supplies contain 0.001 to 0.006 q / L .  l'he target organ is 

unclear, and tbc primary focus of toxicological infomation is inhalation of vanadium dua. 
- 

Typical vitamin supplcmcnts contain approximately 0.010 mg in a daily dose. The RfD, set by 

VmyI c M o M  is a volatile o@c that can cause Raynaud's P&nomemn or white finger 

disease. It has been shown to cam angiomma, a cancer. It b been also been associated 

with reproductive dysfunction in men and women. The primary target organs for 

noncarcinogenic effects are the liver, kidney, and nervous system. This C O ~  inhibits one 

of the main metabolic pathways of the body (a group of enzymes), aod can influence the toxicity 

of other compounds because of this effect (Klaassen et al., 1986; kisbach et al., 1987). Due 

to the carcinogenicity of this compoUILd, USEPA c h s s ~  vinyl chloride as a class A carcinogen 

and set the SFi a d  SF, to 0.3 and 1.9 (mg/kg-day)-1, respectively. 

h t n i c  exposure via the ingestion mute causes darkening and bdmmg of the skin in 

chronically exposed humans. Inhalation exposure to arsenic causes neurological deficits, d, 

and cardiovascular effects (KIaassen, et al., 1986). USEPA set 0.3 pgkgday as the IUD for 

arsenic based on a no observed adverse effects level (NOAH.,) of 0.8 pgkg-day in a human 

exposure study. Arsenic's effect on the nervous and cardiovascular systems are primarily 

associated with acute exposure to higher levels. Exposwe to arsenic containing materials has 

been shown to cause caxxer in humam. M a h q  these materials can lead to increased lung 

cancer risk, and ingesting these materials is associated with irrcreascd skin cancer rates. Arsenic 

has been classified as a group A carcinogen by USEPA, which set the 1.5 (mg/kg-day)-' SF for 

arsenic. As listed in IRIS (search date 9/ 1 / 95), the classification is based on sufficient evidemx 

from human data. An imxmcd lung tamer mortality was observed in multiple human 

populations exposed prirmrily through Man. Also, hmcascd mortality from multiple 
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inttmal organ cancers (liver, kidney, lung, and bladder) and an increased b i d e m  of skin 

cancer were observed in populations consuming drink@ water high in inorganic arsenic. 

Human milk contains about 3 pg/L mmic. The RBC for arsenic in tap water is 0.038 pglL. 

As listed in IRIS, the critical dfect of this chtmical is hyperpigmentation, htos i s ,  and possible 

vascufar complications. The uncertainty f w r  was 3 and the modifying factor was 1. 

Berylbn exposwe via the inhalation mute can inflame the hmgs, a condition known as Acute 

3eryUium Disease, as a result of short-term exposure to high concentrations. Removal from 

exposure reverses the symptoms. Chronic exposure to much lower concentrations of beryllium 

or beryIlium oxide by inhalation has bcen reported to cause Chronic Beryllium Disease, with 

symptoms including shortmss of breath, scarring of the lungs, and beryiliosis, which is 

mncamerous growths in the lungs of humans. Both forms of beryilium disease can be fatal, 

depending on the severity of the exjmm. Additionally, a skin allergy may develop when 

soluble beryliium w e  come isto contact with the skin of sensitized individuals 

(Gradient, 1991). An oral RfD of 0.0054 *day has been set for beryllium based on a 

chronic oral bioassay (rats were the study species) which determined no adverse effect occm 

at 0.54 mglkg-day. Beryllium has been classfied by USEPA as a group B2 carcinogen based 

on animal studies. It has been shown to induce lung cancer via inhalation in rats and monkeys, 

and to induce osteosarcamas in rabbits via intravenous or intramedullary injection. Human 

epidemiology studies of beryllium are iaadequatc. The inhalation SF of 8.4 (mgkg-day)-' and 

the oraf SF of 4.3 (mgkg-day)-1 have been set by USEPA. As l i i  in IRIS (search date 

6/28/95), this cfremical has no critical advene effect. The uncertainty factor was 100 and the 

modifying factor was 1. The IRIS RfD in drinking water is 0.005 mglkg-day. 

Chmmium exists in two stable, natural forms: trivalent (Ow and hexavalent (CrVI). Acute 

exposure to chromium can resuit in kidoey damage following oral exposure, or damage to the 

nasal mucosa and septum following bhahtion exposurt. Chronic inhalation exposure to 

hexavalent chromium bas resuited in b y  and rcspkatory tract damage, as well as exccss lung 



camcr in both animals and humans following occupational exposure. Only hexavalent chromium 

is believed to be carcinogenic by inhalation (Gradient, 1991). Oral IUD values for both forms 

of chromium are 1.0 and 5E-3 (mgkg-day), respectively. For trivalent chromium, the IUD is 

based on liver toxicity in the rat. For the kxavalat form, the RfD is based on unspecified 

pathologid changes obsmtd in rat stdies. In addition, hexavleat chromium is considered 

as a p u p  A carcbgen for inhalation exposures, and a SF, of 42 (mg/kg-day)-1 has been 

established for the hexavalent fonn. Vitamin supplenmcnts contain approximately 0.025 mg of 

chromium. As listed in IRIS, no critical effects w m  observed for chromium 0. The 
umemhty factor wasdetermiocd to be 100 and the modifying factor was determiacd to be TO. 

As listed in IRIS, no critical effects were observed for chromium (VI). The uacertainty factor 
.,. 

was 500 and the modifying factor was 1. 

Martga,n~se is an essential nutrient. Chronic expoam to manganese, 0.8 m g k g d a y ,  causes 

mental distubances. Studies have shown that manganese uptake from water is greater than 

manganese from food, and the elderly appear to be more sensitive than children &hassen et at., 

1986; Dreisbach et al., 1987). Because of the different uptake rates in water and food, USEPA 

set two oral RfDs. These RfDs are 0.005 mgkg-day and 0.14 mgtkg-day for food. hhahg 

manganese dust causes neurological effects and increased incidence of pneumonia; an hidation 

RfD was set to 0.0000143 mgkg-day. Accordiing to USEPA, manganese amnot be classified 

as to its carcinogenicity. Therefore, the caacer class for manganese is group D. As listcd in 

IRIS (semh date 6/29/95), the classification is based on studies that arc madequate to assess 

manganese's carcinogenicity. Mang- is an element considered essential to hunan health. 

The typical vitamh supplement dose of manganese is 2.5 mgfday . As listed in IRIS, the critical 

effects of this chemical in warn in the orid summary are CNS effects. Thc uncatainty f r tor  

was d c t e d d  to be 1 and the modifying factor was determined to be 1. The critical effects 

of this chmical in food in the oral summary are CNS effedc. The unmUimy factor was 

determi& to be 1 pod the modifying factor was determined to k 1. As listed in IRIS, the 

critical effect of this chemical in the inhalation summary is imphment of -behaoral 
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function. The uncertainty factor was 1,000 and the modifying factor was 1. The IRIS RfC is 

PCB h l o s  are a p u p  of chlorinated hydroarbom (such as Am~&rs-I248~ 1254, d 1260) 

that accumulate in fat tissue. Occupational exposure (both inhalation and dermal) to PCBs 

causes eye and lung irritation, loss of appetite, liver enlargement, increased serum liver e w e  

c o ~ o n s ,  rashes, chloracm, and deMeased birth weight of infants in heavily exposed 

workerlm-. Of the effects listed above, the liver is tbe primary target organ 

(Kbwn ct d., 1986; Drejsbach et d., 1987). USEPA classified PCB Amclors as group 82 

carcinogens, prirmrily based on rnirml data. As listed in lRIS (&h date 6/29/95), the 

classification is based on hepatocellular carcinomas in three strains of ats and two strains of 

mice and hadequate, yet suggestive, evideace of excess risk of liver cancer in humans by 

ingestion and inhalation or dennal contact. Oral ingestion of PCBs causes liver and stomach 

tumors in rat studies. USEPA set 7.7 (mg&gday)-l as the SF, for PCB Atoclors, a d  the RfD 

was set to 0.00007 mglkg-day . 

PoZyrnrWic kyhcrvbom include the following COPCs: 

TEF 0.1 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

TEF 0.001 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well-established. There are no RfDs for the PAHs above due b a lack of 
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data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their 

carcinogenicity is addressed relative to that of bcnzo(a)pymw (BAP), having an oral SF of 

7.3 (mg/kg&y)-1. TEF, atso set by USEPA, are multipliers that are applied to the detected 

comntratio~ls, whicb are substqwntly used to calculate excess cancer risk.' These multipliers . 

are discussed further in the Exposure and Toxicity As- sections. Most carcinogenic 

PAHs bave been classified as such due to animar studies using large doses of punfed PAHs. 

There is some doubt as to the validity of thest listings, and the SFs listed in USEPA's RBC 

Table are provisional. However, these PAHs are carcinogens when tk expow involves a 

mixture of other carciw,genic substame (e.g., coal tar, mots, cigarette smoke, etc.). As listed 

in IRIS (search date 6/28/95), the BAP B2 classification is based on insuffkient human data 

specifically ]inlrmP it to a carcinogenic effect. There are, however, multiple enimnl studies in 
. . 

many species demonstrating BAP to be carcinogenic following admmstmtion by numerous 

routes. 

BAP has produced positive d t s  in numerous gemxicity assays. At thc June 1W 

Carcenogen Risk Assessment Vezification Endeavor (CRAVE) Work Group meeting, a revised 

risk estimate for BAP was verified. The classification reflects a weight-ofevideme judgment 

of the likelihood that the agent is a human carcinogen. The quantitative risk estimates are 

presented in application of a lowdose extraplation procedure and are presented as the risk 

per (mglkg-day). Tbe unit risk is the quantitative estimate in terms of ei- risk per p g L  

drinking water or risk per pg/m3 air breathed. The third form in which risk is presented is 

drinking water or air commbation providing cancer risks of 1 in 10,000 or 1 in 1 milfion. The 

Carcinogenicity Background Dwment provides dttails on the carcinogenicity values found in 

MS. U m  arc refemd to the RfD, aad RfC sections for information on long-term toxic effccts 

other than carcinogenicity. 

As listed in IRIS, the dibenz(a,h)anthcene and beozo(b)fluoranthene B2 classification is based 

on m human data d sufficiemt data from animal bioasiays. Benm(b)fluornnthnc produced 
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tumors in mice after lung implantation, intraperitod or s u b c u ~ s  injection, and skin 

painting. As listed in IRIS, the benzo(a)antbmcem B2 classification is based on no human data 

but sufficient data from animal bioassays. Benzo(a)anthracexle produced tumors in mice exposed 

by gavage; hhapcritoneal, S U ~ ~ ~ ~ O U S ,  or intram- injection; and topid application. 

Benzo(a)anthracene produced mutations in bacteria aod in mamma@n cells, and transformed 

mammahn cells in culture. As listed in IRIS, the benzo(k)fluomitkne B2 classification is 

based on no human data lrnd sufficient data from animal bioassays. &mo(k)fluonmhme 

produced tumors after implantation in mice and when a d m m t e d  
. . with a promoting: agent 

in &in-paht@g studies. Equivocal results have been found in a lung adenom assay in mice. 

Benm(k)fluomthene is mutagenic in bacteria @hassen et al., 1986). 

Other PAas - those not classified by USEPA as carcinogens - are toxic to the liver, kidney 

and blood. This group of PAHs includes compounds such as pyrcne, acenuphthene, 

acenaphthylene, benw(g, h, i)peqkne, and phenmthrcne. USEPA detexmkd RfDs for only 

two of these compounds. Pyrene's Rfo, is 0.03 mglkg-day, and this RfD is also used as a 

sumgate RfD, for pleenanthxene. The RfD, for acenaphthene was determined to be 

0.06 mgkg-day. 

Dioxins are chlorinated hydmarbons which accumulate in fat tissue. Exposure to dioxins, 

known to be potent mutagens and teratogens, causes burning pain in the tongue, abdomen, and 

pharynx, along with chlomcne, loss of body weight, degenerative changes to the Iiver aad 

thymus, and psychiatric disturbances. Chlo- is the primary sign of human exposure 

(Ktaassen et d., 1986; Dreibach et al., 1987). USEPA classified dioxins as group B2 

carcinogens and detMmined the SF, to be 150,000 (mg/kg-day)-1 for 2,3,7,8-TCDD. Equivalent 

c o ~ t i o n s  of other dioxin congeners were calculated based on their c o m s p o ~  toxic 

equivalents, as reammended by USEPA. 
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1 , 4 - ~ ~ r v b e n u n e  is a CLP SVOC; however, it was evaluated for the inhalation pathway as 

a volatile due to its Henry's law constant. This compound affects the CNS, causes liver and 

kidney damage, and irritates mucous membranes, skin, sad eyes @reibach et al., 1987). This 

compound is classifired by USEPA as a B2 carcinogen with an SF, of 0.024 (mg/kg-day)-1. The - 

RfD, was set to 0.229 mg/kgday. As listed in IRlS (search date 6/29/95), the critical effect of 

this chemical is i n c d  liver weights in P1 males. The uocertainty factor was I00 a d  the 

modifying factor was 1. Thc IRIS RfC is 0.8 mgIm3. 

Ethylbenzene is used as a solvent. Chronic expome to ethylbenzene can cause dizziness, 

weight loss, weafmss, ador numbrms in the limbs, slllemia, and nervwsness; the target organ 

is the CNS @rtisbach et A, 1987). As listed in IFUS (search date 6/29/95), the D classification 

is based on a lack of animal bioassays and human studies. This compound is a volatile organic, 

snd USEPA determined the RfD, to be 0.1 mgkg-day. The RfDi was set to 0.286 mglkg-day. 

As listed in IRIS (search date 6/28/95), the critical effect of this chemical is liver and kidney 

toxicity. The uncertainty factor was 1,000 and the modiiing factor was 1. 

Chbrobenune, a volatile organic that affects the CNS, causes Iivcr and kidney datnage and 

irritates of the mucous membraxles, s h ,  and eyes (Dreisbach et al., 1987). As listed in IRIS 

(search date 6/28/95), the D classification is based on no human data, hadequate animal data, 

and pred-y negative gemtic toxicity data in bacterial, yeast, and mouse Iymphoma cells. 

USEPA sct the RfD, and RfD, to 0.02 and 0.00571 mg/kg-day, rtspectively. As listed in IRIS, 

the critical effect of this chemical is histopathologic changes in liver. The mxmhty factor 

was 1,000 and the modifying factor was 1. 

1,2-Diic&mtAMe is used as a solvent in the rubber, plastic, and hectic* iduskies. This 

compo~iss lsouscdssag~~~l incaddit ivepldisusedhsa~crubkmdplrsciccemcnts  

used in various hobbies. Municipal water supplies cornmoly detect dichloroethx as a 

contamhant if the municlpel water treatment facility uses chlorine in its waterel* 
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processes. Detected concentrations range from 0.2 to 6 pg/L (Klaassen, et al., 1986), and the 

MCL is 5 pgA, . The fatal adult dose is approximately 5 ml of 1 ,2-d ichloroe~,  and the 

--weighted average exponue limit is 1 ppm for inhalation exposure. The inhalation exposure 

Iimit is below the odor threshoid, 3 ppm. 

Fatty liver, liver cell damage, and kidney damage are the primmy nomwer toxic effects caused 

by dido-. Because this compound is chemically transformed into a toxic metabolite by 

enzymes in the liver (biotransformation) , toxic effects can be greatly d a m x d  (syaergism) when 

the liver's enzymes are induced. Emym inducers such as ketones md alcohols can lead to 

synergistic toxic effects. An additional, secondary effcct evident in canine studies is the 

clouding of d eye tism. This effect was indirect, apparently occurring following 

biotransformation by liver enzymes, and was not caused by direct eye exposure to 

dichloroethane. Based on Region III's RBC Table (March 1995), USEPA dettrmincd the 

idahtion refererrt dose to be 0.00286 mg/kg-day. No *ereme dose is currently available for 

the ingestion exposure pathway. 

This compound can react with DNA, which indicates a potential to cause cancer. Studies 

indicate this compound is a carcinogen if ingested (Klaassen et al), but the refermce data do not 

indicate hhahg this compound would cause cancer. USEPA has classified dichloroethane as 

a B2 carcinogen aad determined the slope factor to be 0.091 (mgfkgday)-1 for both ingestion 

and inhalation exposure. As listed in IRIS (starch date 6/29/95), the classification is based on 

the induction of several tumm types in rats and mice treated by gavage, and lung papillomas in 

mice after topical application. 

1,l-Dichlomethene is a VOC primarily toxic to the liver, CNS, and kidneys. The mucous 

membrane, skin, lung, and cornea (irritation) are also affected. 1,l-Dichlomethem is more 

toxic than 1,2-Dichloroettaeac @reisbitch et al., 1987). This chlorinated compound is a USEPA 
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group C carcinogen. The RfD, is 0.009 mg/kg-day, and the SF, and SF, are 0.6 and 

0.175 (mgtkg-day)-', respectively. 

H m U m e ,  a VOC, bas been &own to have toxic effects on the CNS, the liver, and the 

kidneys (Dreisbach et al., 1987). USEPA determhd the RfD, to bc 0.001 mgkg-day. USEPA 

detembd the SF, and SF, to be 0.014 (mgkg-day)-1. 

H ~ h & m b ~ n e ,  a VOC, bas been shown to elicit toxic effects on the CNS, the liver, and 

the kidneys @reisbacb et al., 1987). USEPA detemkd the RfD, todbe 0.0002 mgkgday . 
USEFA determined the SF, and SF, to be 0.078 and 0.077 (mgtkg-day)-1, respectively. -- 

Arobenzene, a VOC, is a minogen that can damage the liver and kidney. As iisted in lRIS 

(search date 6/29/95), the B2 cfassificatim is based on azobenzene induced invmive sarromas 

in the spleen and other abdominal organs in male and female F344 rats following diemy 

administration. It is genotoxic and may be converted to benzidinc, a known human carcinogen, 

under the acidic conditions in the stomach (Dreisbach et af., 1987). USEPA determind the SFo 

to be 0.11 (mg/kg-day)-', an RfD, has not been determined. 

Benddine is a Class A carcinogen. This compound can cause bladder irritation and is a 

sensitizer. As listed in IRIS (search date 6/28/95), the classification is based on increased 

incidence of bladder cancer and bladder cancer-related deaths in exposed workers 

(Dreisbach et al., 1987). The SF, for bemidine is 230 (mgkg-day)-1, and the RfD, is 

0.003 mglkg-day. As listed in IRIS, the critical effect of this chemical is brain cell 

vacuolization and liver cell alteration in females. The =minty factor was 1,000 and the 

modifying factor was 1. 
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CMomfonn, a halogenated hydroarbon, has been used as a fumigant and an additive used to 

suppress the fm hazard of carbon -de, as well as having a low capacity for insect control. 

Volatile and gaseous anesthetics such as chlomf~rm are sometimes used to produce general 

anesthesia. This contaminant is the primary chlorinated hydrocarbon produced during 

chlorination of drinldng water, and is commonly present at low co~~cestratiom in most public 

drinking water supplies. This wmpod depresses aIl CNS function in descending order from 

the cortex to the medulla. Additional target organs include the liver, heart, and kidney. 

Exposure of the bcaa to &lorofom sensitizes the muscle to arrhythmias, as dots exposure to 

many halogenated hydtocarbons. This action wuId M e r e  with digitalis glycosides or a 

pacemaktr in the fom of premature or tmxnttoUed beats @reisbach et al., 1987). Chloroform 

is a class B2 carcinogen, and USEPA set the SF, and SF, to 0.0061 and 0.0805 (mg/kg-day)-1, 

respectively. As listed in IRIS (search date 11/22/95), the classification is based on hmasai 

incidenx of several tumor types in rats and three strains of mice. TIE RfD, is 0.01 mg/kg-day. 

As listed in IRIS, the critical effect of this chemical is fatty cysts formation in liver. The 

uncertainty factor was 1,000 and the modifying factor was 1. 

2,4-DSmcthylphenol and most compounds related to phenol are cellular toxicants. These 

c o m p o ~  can cause bladder tumors, and might be carcinogens and/or sensitizers. USEPA has 

determined the RfD, to be 0.02 mg/kg&y @reisbach et al., 1987). As listed in IRIS (search 

date 6/29/95), the critical effect of this chemical is clinid signs (lethargy, prostration, arad 

ataxia) and hematological changes. The unctrtainty factor was 3,000 and the mowing factor 

was 1. 

2-Met@@henol and most cmnpoub related to phenol are cellular toxicants. These compouads 

can cause bladder tumors, and might be carcinogens War sensitizers. As listed in IRIS (search 

date 11/22/95), the cfassification is based on increased incidence of skin papillomas in mice in 

an initiation-promotion study. The three msol isomers produced positive d t s  in genetic 

toxicity studies both alom and in combination. USEPA has detemined the IUD, to be 
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0.05 mglkg-day. As listed in IRIS, the critical effect is dsrrrscd body weights and 

neurotoxicity. The umxtahty factor was 1,000 and tk modifying factor was 1. 

CMe&y@kenol a d  most c o m p o ~  related to phcaol are cellular toxicants. These c o m p o M  

can cause bladder tumors, and might be winogens and/or sensitizers (Dreisbach et al., 1987). 

USEPA has determined the RfD, to be 0.005 mgkgAy.  

Pt~irIomphenol  aad most compounds related to p b l  are cellular toxicants. These 

compounds can cause bladder tumors, and might be carcinogens andfor sensitizers 

(Dreisbach et at., 1987). USEPA has determined the IUD, to be 0.03 mg/kg-day and the SF, 

to be 0.12 (mgkg-day)-', ~ t i v e l y .  I 

Hcrack lo ivcyc lope~ne  is a volatile organic tbt is a gtneral irritant, a USEPA class B2 

carcinogen, toxic to the liver and Idbys, and can affect the CNS (Dreisbacb et al., 1987). 

USEPA determind the RfDO to be 0.01 mgtkg-day. The oral SF was determiaed to be 

0.0061 (mg/kgday)-1 and the inhalation SF was determkd to be 0.0805 (-/kg-day)-1. 

lXchlomethene (TCE) is a mobile, volatile liquid with bas the characterktic odor of 

chloroform. Inhalation, htravenous, and s u b c u ~ u s  routes are all viable exposwe pathways 

for this compound. TCE is a strong skin and eye irritant that is relatively less toxic if ingested. 

Inhalation of high co~lcentrations causes narcosis and WP. This colnpwnd targets the 

liver and other organs @rcidxh et d., 1987). TCE is a B2 carcinogen, a the SF, and SF, 

have been set by USEPA to 0.01 1 and 0.006 (mg&g-day)-1, respectively. As listed in IRIS 

(search date 11/22/95), the carcinogen asscsment summary for this substance has been 

withdrawn following funher review. A new carcinogen summary is in prepation by the 

CRAVE Work Group. USEPA also set (hc IUD, to 0.006 mgkg-day. 
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Anthony belongs to the same periodic group as arsenic. This element is absorbed slowly 

through the gastrointestinal tract, which is the target. Another target is the blood, where 

antimony concentrates. Due to merit bhtrid use, the primary exposure route for antimony 

to the gemral population is food. Antimony is dso a common air pollutant from industrial 

emissions ( K h w n  et al., 1986). USEPA has not classified antimony as a carcinogen, and the 

RfD, is 0.0004 mg/kg-day. As listed in IRIS (starch date 6/28/95), the critical effect of this 

chemical is longevity, blood glucose, and cholesterol. The wxrtainty factor was dete- 

to be 1,000 and the modifying factor was determid to be 1. 

Brvium is used in various alloys, paints, soap, and mamfimm processes. Barium sulfate aids 

X-ray diagnosis. This element is relatively abundant in nature and is found in plant and animar 

tissue. Brazil nuts contain 3 to 4 mg per gram nuts. The fataI absorbed dose of barium is 

approximately 1,000 mg (for humans). Assuming an absorption efficiency of 5% for barium, 

20,000 mg i n g d  barium could be fatal (approximately 333 Brazil nuts, assuming 15 g/nut). 

Major toxic effects of this element muscle stimulation, CNS effects, and effects on the heaa 

@reisbach et al., 1987; Klaassen et d., 1986). USEPA deterdmd the RfD, and RfDi to be 

0.07 and 1 -43E-4 mgfkg-day, mqmtively. As listed in IRIS (search date 6/29/95), the critical 

effect of this chemical is increased blood pressure. The uncertainty factor was 3 and the 

modifying factor was 1. 

Nickel is also an essential ~mtrient; a 5 microgram dose is typical of supplemental vitamins. 

USEPA set the RfD, to 0.02 mgkgday. Chronic exposure of rats to nickel caused decreased 

body and organ weights. For a chronically exposed individual, nickel salts would affect the 

gastrointdml system, and would aIso target the liver and kidney. This element has been 

shown to produce allergic reactions. Sensitization of skin to nickel dust has been shown to occur 

in industry (Dreisbach, et d., 1987). As listed in IRIS (search date 6/28/95), the critical effect 

of this chemical is dtcreased body and organ weights. The uncertainty factor was 300 and the 

modifying factor was 1. 
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bis&CMomthyl)efher is a carcinogen affkthg the liver. Its primary nominogenic targets 

would be the Iivcr and kidney, based on the strucbrral similarity to bis(2-chlommtthy1)ether. 

USEPA set the SFi and SF,, to 1.16 and 1.10 (mgkg-day)-1, mspdvely. These values were 

obtained from the RBC Table (USEPA Region III, 1995). As Iisted in IRIS (search date . 

6/29/95), the B2 classification is based on positive carcinogenicity results in two Strains of mice 

and evidence of mutagenicity. 

bisI;t-EthyZhwyl)phh&&, otherwise known as BEHP, is a plasticizer used in virtually every 

major product category. Phthalate esters arc ubiquitously distributed in the cnvhmnent. 

Although the toxicity of this compound is relatively low, it is a carcinogen. Rcprcxluctive effects 
+,. ."+. 

are also possible (indicated in animal studits) duc to c M c  exposure to BEHP 

(Klaassen et al., 1986). As listed in IRIS (search date 10/17/95), the classification is based on 

orally adml- 
. . BEHP producing significant dose-relatEd kmses in liver tumor responses 

in rat. and mice of both sexes. This mmpouxd is classified as a B2 carcinogen, and USEPA 

set the RfD, and SF, to 0.02 mgkg-day and 0.014 (mglkg-day)-1, respectively. As listed in 

IRIS, the critical effect of this chemical is increased relative liver weight. The uncertainty mr 
was 1,000 and the modifying factor was I. 

Copper is a nutritionally essential element, ~~cessary for many of the body's enzymes. Copper 

has been used to replace lead water pipes in residences due to its lower toxicity to man. 

Short-term exposure to copper can result in anemia (the lack of iron), tfie breakdown of red 

blood cells, and liver and kidney lesions. The target organs for copper are the liver, kidocy, 

and red blood cell. Vitamin C reduces copper uptake from the gut, and other su- can 

also influence copper uptake. Copper fumes can cause metal fume fever (Kl- et al., 1986). 

As listed in IRIS (search date 6/28/95), the D classification is based on no human data, 

hadequate animal data from assays of mpper compounds, pod equivocal mutagenicity data. The 

IUD set by the USEPA is 0.0371 mgfkg-day, which is 2.6 mglday for thc average adult ('70 kg). 

In typical vitamin supplements, 2 @day is th approximate dose (NRC, 1989). 
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XWEum is d y  absorbed through the gut and skin. Primary effects are stomach and bowel 

disturbxes, kidney and liver damage, and m l o g i c a l  dh&mces. W i u m  was used as 

a rodenticicle and ant killer, now prohibited. This clement remains in the body for a relatively 

long time, and could mumulate if the chronic dose is largk (Klaatwn et al., 1986; 

Dreisbach et at., 1987). USEPA's RfD, for thallium is 0.00008 mgkgday. 

Zinc is an essential, ubiquitous element present in food, water, and soil. The average American 

d a y  W is approximately 12 to 15 mg, and the recommeaded daily allowance O A )  is 

15 mg. Excessive exposure to zinc is relatively uncommon and requires exposure to high 

conxmtmtions. This element does not accumulate under chronic exposure conditions, and body 

content is self-regulated by zinc liver levels and absorption mechanism. Inhalation of zinc dust 

can cause metal fume fever, and the primary effect of zinc ingestion (at toxic concentrations) 

is gastrointdmd dhwbmcc and irritation. h effects on the blood, liver, and kidney are 

possible at him comzmtions. Twelve grams of elemental zinc per day were not shown to 

elicit effects other than gastrointestinal d h u h w s  over a twwiay period. Experimental 

animals have been given 100 times the dietary requirements without discernible effects 

(Klusen et al., 1986). As listed in IRIS (search date 6/28/95), D cfassification is based on 

madequate evidence in humans and animals. USEPA determined that the RfD, is 

0.3 rng/kg-day. As listed in IRIS, the critical effst of this chemical is a 47% decrease in 

eryhxy te  superoxide dismutase (ESOD) concentration in adult females after 10 weeks of zinc 

exposure. 

Carbon &@tie is a VOC that affects thc nervous system. At toxic levels, nervous system 

effects (in humans) include psychosis, tremor, and w-ss in the lower extremities. This 

compoufid M e r e s  with the conduction of nerve signals to produce these effects. Carbon 

M i e  has been associated with reproductive dysfunction in men and women. In addition, at 

doses well within what was thought to be safe for industry in Japan, some effects on the eye 

have been produced, and similar effccts were observed in FMmd ( K b s m  et al., 1986). 
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USEPA set the RfD, and Rf'D, to 0.1 and 0.00286 mglkg-day, respectively. As listed in IRIS 

(search date 6/28/95}, the critical effect of this chemical is fetal toxicity/malformations. The 

uncertainty factor was 100 and the modifying factor was 1. 

6.2.1.5 Risk Characterization 

Surface Soil Pathway 

Exposure to surface soil onsite was evaluated under both residential and industrial (site worker) 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 

were evaluated. For noncarcinogenic contaminants, evaluated for future site residents, hazard 

was computed separately to address child and adult exposure. Tables 6.2.1.43 through 6.2.1.54 

present the computed carcinogenic risks and/or HQs associated with the incidental ingestion of 

and dermal contact with surface soil at each site within SWMU 9. COCs identified in soil are 

identified and briefly discussed at the end of each AOC/SWMU presentation. Detailed 

discussions and a tabular summary of COCs identified at SWMU 9 are presented in the COCs 

Identification Section. 

SWMU 19 

Hypothetical Site Residents 

Tables 6.2.1.43 and 6.2.1.44 present the ingestion and dermal risWhazard estimates for 

SWMU 19. The ingestion ILCR (based on the adult and child lifetime weighted average) for 

SWMU 19 surface soil is 6E-5. Arsenic is the primary contributor to ILCR with an ingestion 

ILCR of 3.7E-5. Other contributors to ILCR are BEQs, Aroclor- 1254, Aroclor- 1260, and 

beryllium. Arsenic contributes approximately five times the risk of any other COPC. The 

dermal pathway ILCR is 9E-6, with arsenic again contributing the greatest amount. 
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The computed HI for the adult resident ingestion pathway was estimated to be 0.3. The HI for 

the child was estimated to be 3 for the ingestion pathway. The dermal contact pathway HIS for 

the adult and child residents were estimated to be 0.07 and 0.2, respectively. Arsenic was the 

primary contributor to the HI. 

COCs identified for this scenario based on their contribution to risWhazard are: Aroclor-1254, 

Aroclor-1260, antimony, arsenic, BEQs, beryllium, copper, nickel, and zinc. 

Hypothetical Site Workers 

Site worker ILCRs are 6E-6 and 4E-6 for the ingestion and dermal contact pathways, 

respectively. The HIS for the ingestion and dermal pathways are 0.1 and 0.05, respectively, for 

the hypothetical site worker. 

COCs identified for this scenario based on their contribution to risklhazard are Aroclor-1260, 

BEQs, arsenic, and beryllium. 

PCB Aroclor-1254 was reported in only one of 18 surface soil samples (019SB007), while PCB 

Aroclor-1260 was reported in eight of 18 locations. PCBs reported in SWMU 19 soil do not 

define a hot spot, but were generally reported at locations other than the most northeastern 

sample locations. Arsenic was reported in 14 of 18 samples, beryllium was reported in 15 of 

18 samples, and BEQs were reported in 15 of 18. All arsenic and beryllium concentrations 

reported exceeded the corresponding RBC . Ten of 1 8 benzo(a)pyrene equivalent concentrations 

exceed the corresponding RBC, and again, no definable hot spot was identified. Nickel and zinc 

exceed their RBCs at only one sample location, 019SB004, and antimony exceeds the RBC at 

location 019SB002. Three arsenic hits exceeded the UTL, as did one beryllium hit. 
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Cmently, USEPA has established neither an SF nor an RfD for lead. USEPA believes that the 

available studies in animalfi and humans do not provide sufficient quantitative information for 

their calculation. Although lead is currently classified as a B2 carcinogen, the USEPA considers 

the noncarcinogenic neurotoxic effects in children to be the critical toxic effect with respect to 

estabbbg health-bad environmental cleanup objectives. The -toxic effects of chronic 

low-level lead exposure in children may occur at blood c o ~ t i o n s  levels as low as 10 &dL. 

In the absence of lead health criteria, USEPA Region W's Office of Health Asesment 

-tiom the use of the Lead UpWeIBioldntcs Model (Version 0.w) (Lad Model) to predict 

mean blood lead levels in children based on exporn to impacted environmeatal media. This 

model was used to assess the potential health effects of elevated lead reported in surface soil at 

SWMU 19. The h u m  lead concemation reported in surface soil was 6,170 ' mg/kg at 

location 019SB017. 

Lead UptakefBiokinetics Model 

Blood lead levels in the age group 0 to 7 can be predicted using the Lead Model. . Such 

estimates can assist in risk management decisions regarding cleanup of iead at hamdous waste 

sites. The effects of lead exposure are complex, and the assumptions used in the Lead Model 

are continually updated to reflect recent research W i s .  The mmhs presented are hypothetical 

estimates s k e  many of the model assumptions ate subject to change. 

in coordination with USEPA Region IV's O&ce of Health Assessment, a conservative exjwure 

scenario was developed to assess the signifbwe of surface soil lead concentrations at 

S W M U  19. This scenario involves a child (age 5 to 6) who gabs access to the most heavily 

contaminated area for one day, and is mPnimally exposed. The scenvio was developed based 

on the proposed future use of the SWMU 9 area which includes SWMU 19. Current base rwst 



plans that the area will become a marine industrial park, intermodal railyard, and 

associated open buffer space. The expo- was based on the child accompanying a 

parent to work at a muby building on a one-time basis a d  wandering into SWMU 19 over the 

unlrse of that day. 

The assumption was made tbat this child would ingest 0.1 grams of soil from the most heavily 

contaminated area. In the case of SWMU 19, the lead hot spot was identified as boring location 

019SW17, and the thrte closest sampling locations summikg this point (locatiom 019SB004, 

019SB006, and 019SB007). The total area em- by these locations is 0.25-acre, and the 

mean surface soiI lead comatration is 1,825 mgllrg. Within the Lead Model, an alternate 

source was entered to afcount for this expsufe, as p~viously discussed. The bioavailabitity of 

lead ingested from the alternate source (SWMU 19 d a c e  soil) was set equal to that of soil lead 

ingested from the standard residential default source. Assuming a one-time exposure in the most 

heavily impacted area, tk ammahd alternate sourre exposure was estimated to be 0.5 pg 

ledday. Table 6.2.1.45 presents the Lead Model output for a child 5 to 6 years of age uader 

these exposure conditions. 

Child exposure is presented as a msonable worst-case scenario for exposure to lead 

co~lcentrations in SWMU 19 soil. The most likely receptors, considering the proposed iadustriaI 

use of the SWMU 19 area, are adults ratber than children. USEPA Region IV has calculated 

a soil cleanup/screeaing level for lead of 1,300 mg/kg based on adult exporn. The mean 

surface soil c o ~ t i o n  for SWMO 19 (576 mg/kg) falls below the USEPA adult 

cleanup/screening level. 

Figure 6.2.1.1 shows the probability percentage of blood levels for the hypothetical child 

receptor. Based on this model output, the geometric mean blood level is estimated to be 

3.8 pg/dL, and the probability of Mood lead levels in excess of 10 pg/dL is 1.99%. USEPA 



Figure 6.2.1.1 
SWMU 19 Lead Uptake/Biokin&ic Model Output 

Child Blood Lead Level Probability Percentage 
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Note: The probability percentage plot was provided as output from the USRPA Lead 
Uptake/Biokinetic Model (Version 0.99d) performed for SWMU 19. The 
exposure assumptions used within the Lead Model are described in accompanying 
text. 
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gemrally considers media c o m t i o n s  that result in pkbability percentage estimates of 5% 

or less sufficiently protective of potentid child receptors. As a d t ,  surface soil lead 

c o ~ t i o n s  at SWMU 19 would not require specific action under this hypothetical exposure 

scenario. 

SWMU 20 

Hypothetical Site Residents 

Tables 6.2.1.46 and 6.2.1.47 present the ingestion and dermal contact risk/bazard estimates for 

SMWU 20. The ingestion ILCR (based on the adult and child Wetime weighted average) for 

S W M U  20 surface soil is 9E-6. The benzo(a)pyrem equivalent concentration is the only 

contributor to ILCR with an ingestion ILCR of 9.4E-6. The dermal pathway ILCR is 4E-6. 

No reference dose was available from the available literature for BEQs. Therefore, no hazard 

index was computed for these COPCs. 

The COCs identified for this scenario based on contribution to risk are BEQs. 

Hypotheticst Site Workers 

Site worker ILCRs are IE-6 arad 2E-6 for the ingestion and dermal contact pathways, 

respectively. No reference dose was available from the available literature for BEQs. 

Therefore, HI were not computed for these COPCs. 

The COCS identified for this scenario based on contribution to risk are BEQs. BEQs 
concentrations were reported in 10 of 11 surface soil samples at SMWU 020 at concentrations 

exceeding the corresponding RBC. 
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Hypothetical Site Residents 

Tables 6.2.1.48 and 6.2.1.49 present the ingestion and dermal contact riskhazard estimates for 

SWMU 121. The ingestion ILCR @ased on the adult and child lifetime weighted average) for 

SWMU 121 surface soil .is 1E4. Beryllium, arsenic, Aroclor-1254, and BEQs are the primary 

contributors to ILCR, having individual IERs of 4.9Ec5, 3.OE-5, 2.5E-5, aud 1.5E-5, 

respectively. The dermsl pathway IU!R was estimated to be 3E-5, with Aroclor-1254 as the 

largest contributor. Secomhy contributors are BEQs, beryllium, Aroclor-1260, anti arsenic. 

The computed HI for the adult resident ingation pathway was estimated to be 0.6. The child 

HI of 5 for the ingestion pathway was primarily due to the HQs for copper (1.4) and 

h l o r - 1 2 5 4  (1.3). Secondary contributors are arsenic, nickel, vanadium, and zinc. The 

dermal contact pathway HIS for the adult resident and the child scenario were estimated to be 

0.2 and 0.7, respectively. 

COCs idemed for this scenario are: antimony, Aroclor-1248, Aroclor-1254, Aroclor-1260, 

arsenic, BEQs, beryllium, wpper, mercury, nickel, thallium, vanadium, and a. 

Hypothetical Site Workers 

Site worker ILCRs for SWMU 121 soil are 1E-5 for both the dermal contact and ingestion 

pathways, primariIy due to the contributions of arsenic, beryllium, BEQs, and Aroclor-1254. 

T&e HIs for the ingestion and dermal pathways were estimated to be 0.2 and 0.1, respectively, 

for the hypotbical site worker. COCs identified for this sceoario are: hlor -1254 ,  

Aroclor-1260, arsenic, BEQs, and beryllium. 

Many COCs were detected across the site. However, concentrations exceeding c o r r c s p o ~  

RBCs we= generally reported more ii-equently toward the center. Antimony was dttected in 

four of 17 samples at locations 121SB002 through 121SB005. The concentrations reported at 
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121SB003 and 121SB005 exceeded the comsponding RBC. However, none of the antimony 

concentrations reported at SWMU 121 would result in a WQ exceeding 1.0. 

Amclor-1254 was reported in eight of 17 md Amclor-1260 was reported in 12 of 17 total 

samples. PCBs were reported at all surface soil sample locations other than two near the 

 SOU^ end of S W M U  121 - samples 121BOM and 121SB013. 

BeryUium and BEQs were detected across SWMU 121. Reported co~y=entmtions of each COC 

exceeded the comspondmg RBC at all S W M U  121 sample lacations. BEQs were reported in 

11 of 16 samples. Arsenic was reported in 11 of 17 surface soil samples, with the reported 

concentrations exceeding the corresponding RBC at sample locations 121SB001 though 

121SBOll. Except for thallium, the other inorganic COCs were reported in 85 % or more of 

surface soil samples. Thdlium was reported in only one sample, 121SB001. Nickel, mercury, 

vanadii, copper, and zioc were reported at concentrations exceed- Wit comespo- RBCs 

in eight of 17, two of 17, seven of 17, 12 of 17, and seven of 17 samples, respectively. The 

number of exceedances per sample location was generally concentrated in the center of 

SWMU 121. Comparisons to UTLs identifled concentrations exceeding UTLs for arsenic 

(one of 1 I), beryllium (nine of 16), chromium (one of 16), copper (all 16), lead (13 of 16), 

manganese (one of 16), mercury (nine of 16), nickel (13 of 16), thallium (one of 16), vanadium 

(five of 16), and zinc (15 of 16). The distribution of mercury, nickel, thallium, vanadium, 

copper, and zinc mghly defines an area comprising approximately 50% of SWMU 121. The 

FI/FC multiplier was not applied. If it were, the risWhazard for these COCs would be rcduced 

by 50 % of the risk and hazard estimates shown in Tables 6.2.1.48 through 6.2.1.50. 

'Mercuty and nickel should not be considered COCs based on the FUFC. Their contribution to 

the HI would be reduced to below 0.1. which would preclude menmy and nickel from being 

cocs. 
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SWMU 121 Lead Toxic& 

Currently, USEPA has established n e i k  an SF nor an RfD for lead, as discussed earlier. 

USEPA believes that the available Wes in animals and humans do not provide -cient 

quantitative i n f o d o n  for their calculation. Although lead is currently classified as a B2 

cafcinogen, USEPA considers the mmxminogenic m t o x i c  effects in children to be the 

critical toxic effect with respect to establishing health-based envhmmental cleanup objectives. 

The m t o x i c  effects of chronic low-level lead exposure in children may occur at blood 

comentmticms as low as 10 pg/dL. 

In the absence of lead hcalth criteria, USEPA Region IV's Office of Health Assessment 

d o n s  tbe use of the Lead Model to predict mean blood lead concenfrations in children based 

on exporn to hpcted environmental media. This model was used to assess the potential 

health e f fm of elevated lead in d a c e  soil at SWMW 121. Tbe maximum lead concentration 

reported m surface soil was 2,770 mgkg at location 121SB007. 

Lead Uptake/Biokin&cs Model 

Blood lead levels in tbe age group 0 to 7 can be predicted using the Lead Model. Such 

estimates can assist in risk management decisions reganling cleanup of lead at hazardous waste 

sites. The eff- of lead exposure are complex, and the assumptions used i6 the Lead Model 

are continuaUy updated to reflect recent research findings. The results presented are hypothetical 

estimates since many of the model assumptions axe subject to change. 

In coordination with USEPA Region N's Office of Health Assessment, a conservative exposure 

scenario was developed to assess the signifmwe of surface soil lead concentrations at 

SWMU 121. This scenario involves a child (age 5 to 6) who gains access to the most heavily 

contaminated area for one day, and is maximally exposed. The scenario was developed based 

on the proposed use of the SWMU 9 area, which includes SWMU 121. Current base reuse 



plans i d h t e  that the area will become a marim industrial park and intermodal railyard. The 

exposun frequeocy was based on the child accompanying a parent to work at a aearby building 

and wanbering into SWMW 121 over the course of that &. 

The assumption was made tbat this child would ingest 0.1 grams of soil from tbe most heavily 

contaminated area. In the case of S W M U  121, the maximum lead c o ~ t i o n  was identified 

as boring location 121SB007. Half of the 16 surface soil samples collected exceeded the 

400 mgikg residential cleanup level. Based on the distribution of icad concentrations across the 

site, the UCL mean lead level (1,270 mgkg) at SWMU 121 was used as the EPC. Thc total 

atea of SWMU 121 is approximately 0.75 acre. Within the h a d  Model, an alternate source 

was entered to account for this exposure as previously discussed. The bioavailabirity of lead 

ingested fkom the alternate source (SWMU 121 surfacc soil) was set equal to that of soil lead 

ingested from the standard residential default source. Assuming a 0s-timt exposurt is the most 

heavily impacted area, the anm!alized alternate source exposure was estimated to be 0.15 pg 

lead/day. Table 6.2.1.50 presents the Lead Model output for a child 5 to 6 years of age under 

these exposure conditions. 

Child exposure is presented as a reasonable worst-case scenario for exposure to lead 

concentrations in SWMU 121 soil. The most likely receptors, considering the proposed 

industrial use of the S W M U  121 area, are adults rather than children. USEPA Region IV has 

calculated a soil c l e a w p i s c ~  level for lead of 1,300 -/kg based on adult exposures. The 

95% UCL surface soil concentration for S W M U  121 (1,270 mglkg) falls below the USEPA 

adult cleanup/screening level. 

Figure 6.2.1.2 shows the probability permrage of blood levels for the hypothetical child 

receptor. Based on this model output, the geometric mean blood level is estimated to be 

3.8 pgldL, and the probability of blood lead levels in excess of 10 pgldL is 1.99%. USEPA 

generatly considers media commtmtions that nsult in probability pcmmtage e t e s  of 5 % or 
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less sufficiently protective of potential child receptors. As a result, surface soil lead 

concentrations at SWMU 121 would not require specific action uadcr the hypothetical exposure 

AOC 6#9 (includes AOC 651) 

Hypothetical Site Residents 

Tables 6.2.1.51 and 6.2.1.52 present the risWhazard estimates for the ingestion and dermal 

contact estimates for AOC 649. The ingestion ad dermal contact IUX (based on the adult and 

child lifetime weighted average) for AOC 649 (which includes part of AOC 651) surface soil 

are 2E-6 and 1E-6, r e m v e l y .  The only contributors to ILCR are BEQs. The computed Ms 

for the adult and child residential ingestion exposune pathway were estimated to be 0.03 and 0.3, 

respectively. The dermal contact pathway HIS for the adult resident and the child scenario were 

estimated to be 0.006 and 0.02, respectively. Mtrcury was the only contributor to the HIS. 

The COCs identified for this scenario based on their contribution to risklhaurrd are BEQs. 

Hypothdcal Site Workers 

Site worker WRs are 357 and 4E-7 for the ingestion and dermal contact pathways, 

respectvely, The HIs for the ingestion and dermal pathways are 0.01 and 0.005, respectively, 

for the hypothetical site worker. 

No COCs were identified for this exposure pathway. 

At AOC 649, which includes par& of AOC 651, BEQs were reported at five of 10 sample 

locations at conccdons exceeding the c w n d i n g  RBC. Mercury was reported at six of 

10 sample locations, and ex& the RBC at only one (649S8010). 



Figure 6.2.1.2 
SWMU 121 Lead Uptake/Biokinetic Model Output 

Child Blood Lead Level Probability Percentage 

Note: Ibe probability m t a g e  plot was provided as output from the USEPA Lead 
U p ( a L c l B i o ~  Model (Version 0.99d) performed for SWMU 121. Ihe 
expoaue rusumptions uacd within the Lead Model are described in accompanying 
text. 
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AOC 650 ( incWs AUC 651) 

Hypothetical Site Residents 

Tables 6.2.1.53 ad 6.2.1.54 present the iqpti0~1 a d  dermal contact xiskhmd estimates for 

AOC 650. The ingestion ILCR (based on the adult and child lifehe weighted average) for 

AOC 650 (which includes part of AOC 651) surface soil is 4E-5. The primary contributors are 

BEQs (3.555 ILCR), while Aroclor-1254 contributes 4.9- to the ILCR. The dexmal pathway 

ILCR is 2E5, which is also primarily attributable to BEQs. 

The computed HIS for the adult and child resideatial ingestion exposure pathway were estimated 

to be 0.04 and 0.4, respectively. The dermal contact pathway HIS for the adult resident and the 

child scenario were estimated to be 0.03 and 0.08, nxpctively. Aroclor-1254 and cupper were 

the only contributors to the HIS. 

CWs identified for this scenario are: Aroclor-1254, BEQs, and copper. 

Hypothetical Site Workers 

Site worker ILCRs are 4E-6 and 7E-6 for the ingestion and dermal contact pathways, 

respectively. The HIS for the ingestion sad dermal pathways are 0.01 and 0.02, respectively, 

for the hypothetical site worker. BEQs and Aroclor-1254 account for the E R ,  while 

Aroclor-1254 accounts for the HIS. The COCs identified for this scenario based on their 

contribution to risklhazard are Aroclor-1254 and BEQs. 

Aroclor-1254 was reported at two sample locatio11~, and the reported concentration exceeded the 

corresponding RBC at 6!50SB002 only. The distribution of BEQs was ubiquitous - BEQs were 

reported in six of 10 samples, and five reported ~ 0 ~ 0 1 1 s  exceeded the cmrespo* RBC. 

Copper was reported in eight of 10 samples, and only one commtmtion exceeded the 

wmsponding RBC (i.e., copper in sample 650SB006). 
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Groundwater Pathways 

Groundwater at SWMU 9 is not m n t l y  used as a potable or process water source. Because 

SWMU 9 encompasses a large am,  location-specific analysis and site-wide analysis were 

performed to provide a more comprehensive evaluation of the distribution of COPCs conrributing - 

to excess cancer risk. Exposure to groundwater onsite was eWuated sitewidc under both 

residential and industrial scenarios. For these scenarios, the ingestion a d  inhalation (while 

showering) exposure! pathways were evaluated assuming the site will be used for residential 

purposes and that an unfiltered well, drawing from the correspo- water-beamg zone 

(WBZ), will be the domestic water source. The ingestion and inhalation pathways were 

evaluated separately for shallow and deep groundwater as weU as first- and second-quarter 

groundwater data. For noncarcinogenic contaminants evaluated relative to future site residents, 

HQs/Hls were computed separately to address child and adult exposure. 

Assuming COPCs are quaily distributed across each site (using the UCL approach), 

Tables 6.2.1.55 atbd 6.2.1.56 present the risk and hazard for the ingestion and inhalation 

exposure pathways, respectively, for flrstqurter shallow groundwater. Second- shallow 

groundwater ingestion and Wat ion  risk and hazard are presented in Tables 6.2.1.57 

and 6.2.1.58, respectively. Deep groundwater risk and hazard for the ingestion and inhalation 

exposure pathways are shown in Tables 6.2.1.59 and 6.2.1.60, respectively, for fht-quamr 

deep groundwater, and Table 6.2.1.6 1 presents the ingestion risk and h m d  for second-quarter 

deep groundwater. No VOCs were detected in any secondqmter deep groundwater samples. 

Table 6.2.1.62 presents location-specific HQ and risk estimates for each C O X  detected in 

groundwater. Projections based on both first- and secondquarter grouaclwatcr data for shallow 

and decp aquifers art presented. HQs were estimated assuming a child residential exposure 

scenario, which includes the ingestion and inhalation (where applicable) exposure pathways. 

Excess cancer risks wen estimated based on the lifetime weighted average of aduit and child 

residents, which includes the inhslation exposure pathway (where applicable). 
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Graphical qmsmtations wcrc developed for each well location at SWMU 9 for shallow and 

deep grouiwater based on both first- and  second^ malts. Excess cancer risk was 

summed for all COPCs dttet3.d at each sample location, and well locations w m  labeled to 

distinguish cumulative risk ranges for each sample location. CPSSs excadiog RBCs in either 

quarter were included irrespective of background (if applicable). 

Figures 6.2.1.3 and 6.2.1.4jmxentthe location-specific risk estimated at SWMU 9 for first- and 

secondquarter shallow groundwater, respectively. Figures 6.2.1.5 and 6.2.1.6 present similar 

estimates for deep groundwater. Arsenic and beryllium were kkntified as major contributors 

to risk projections, and the comemations reported for these COPCs were below MCrs and 

typically comparable to background co-tions. As a result, it was ' XI that graphical. 

risk presentations excluding arsenic and btryllium ILCR contributions would assist in clarifying 

the groundwater risk associated with actual site impacts. Figures 6.2.1.7 and 6.2.1.8 present 

the location-specific risk estimated at S W M U  9 for first- and secondquarter shallow 

groundwater, respectively, without arsenic and beryllium contributions. Figures 6.2.1.9 and 

6.2.1.10 present siuiilar estimates for deep groundwater. Each figure is discussed in shallow 

and deep groundwater characterization sections wherc appropriate. 

The tables and figures referem in pmedmg groundwater discussions were used to assess 

riskmazard slssociated with the shallow and deep WBZs at S W M U  9. Based on the quantitative 

risklhazatd projections and conbmbmt distributions (spatial and temporal), detailed analyses 

were performed. The following paragraphs discuss fiadings for shallow and decp groundwater, 

Shallow Groundwater 

Hypotheikd me Resi&nts 

First Quarter Sitewide 

The sh.llw groundwater niCR for hypothetical site midenrr is 1 ~ 1  and SPA for the &&on 

and Mdation pathways, mqcctively. T&e primary contributor to I E R  for the ingestion 
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pathway is benzkk, while bis(2-chloroethyl)ether accounts for most of the inhalation ILXJR. 

S e c o w  contributors to ingestion ILCR are: ambenzene, 1,2-dichloroethane!, benzene, 

2,3,7,8-TCDD equivalents, bis(2-chlomethyl)etherI pentachlorophenol, a d  vinyl chloride. 

Azobenzene, 1.2-dichloroethane, benzene, bis(2&lomethyl)ether, and vinyl chloride accounted 

for 100% of the inhalation IWR. 

The ingestion pathway HIS &mated for tk adult a d  c u d  arc 2 and 5, respectivefy. Tbe 

primary contn'butor to HI is antimony, a d  secondary ~ b u t o r s  are chlombenmle, barium, 

bemid&, 2,4dimcthylphnol, a d  4-mdhylphcnol. HIs estimated for the hbhtion pathway 

are 9 and 22 for the adult and child, reqm3ivcly. Hcmclrlorocyclopentadiene accounted for 

more than 85% of the HI and was detected at only one well location @04GWO16). Secondary 

contributors to the inhalation His were benzeot, carbon disulfide, 1,2-dichloroek1le, and 

chlombenzene. 

Second Quarter Sitewide 

The shallow groundwater I E R s  for hypothetical site residents are 2E-3 and 4E-4 for the 

ingestion and inhalation pathways, mpectively . Arsenic, hex8ch lo robe~ ,  vinyl chloride, 

beryllium, 1,4-dichloro~ne,  1,2-dichlomethane, methylene chloride, benzene, and 

hexachlorobutadiene accounted for more thaa 90% of the ILCR for the ingestion pathway. 

ILCR estimated for the inhalation pathway was primarily due to hex~chlorobenzene and vinyl 

chloride. Each C O X  was detected at only one well location, 0090W007 and 009GW016, 

respectively. Benzidine was not detected in any second-quarter groundwater sample. 

The ingestion pathway HIS estimated for the aduit and child are 5 an8 11, respectively. The 

primary contributor to ingestion HI is arsenic; secondary contributors art chlombenzene, 

barium, cadmium, 2,4aimethylphenol, hexachlorobenzene, hexachlombutadie~, and 

dmethylphenol. HIs estimated for the inhalation pathway are 1 and 3 for the adult and child, 

respectively. Chlor01Knz.e1~e accounted for approximately 50% of tht HI, and secondary 



A d  RCRI F d r y  I m u t i g a t b  Rrgortfor Zunc H 
NAVBASE-on 

Seuiim 6: &dine  Risk Assc~sment 
Jvty 5, 1996 

contributors to the inhalation HI were 1,2-dicbforotthaae, benzene, hexachlorot?enze~be, and 

hex~chlorobutadiene. All contributors but bmmx were detected in less thnrn 15% of the wds 

sampled during the second quarter. 

~ t i o n ~ ~ 1 c  

First-Qutmer Shallow Groundwitr 

Based on Figure 6.2.1.3, the cumulative IU=R was &mated to exceed 1E-6 at the following 

wells: 009GFMW4, 009GW001, 009GWoCn, 009GW003, 009GWOOQ, 009GW005, 

009GW007, 009GW009, WGW010, 009GW012, 009GW013, 009GW014, 009GWO15, 

009GW016,009GW017,009GW018, and 009GW121. Arsenic acmunts for the majority of risk 

estimates for first (and second) quarter shallow groundwater. Table 6.2.1.62 shows the risk 

estimate for eacb C O X  at each location for shallow groundwater, and first- and  second^ 
data are noted in the table. 

As shown in Table 6.2.1.62, arsenic accounted for 100% of the excess riak at well locati011~ 

009GW001, 009GW009, and 009GW013. Arsenic was aiso a major contributor to excess risk 

estimates at lacations oGW002, 009GW004, and 009GW005. The maximum comemation 

reported for arsenic in Zone H shallow and deep groundwater does not exceed the cormpow 

MCL. Figure 6.2.1.7 shows the cumulative ILCR at each sample Iocation excluding arsenic and 

beryllium. Cumulative ILCR computed without arsenic and beryllium was estimated to exceed 

1E-6 at the following wds: 009GFMW4,009GWOOl, 009GWoCn,009GW003,009GW004, 

009GW005, 009GW007, 009GW009, 009GW010, 009GW012, 009GW013, 009GW014, 

009GW016, 009GW017, 009GW018, and 009GW121. Although the location-specific 

cumulative ILCR exceeds 1E-6 at the locations mentioned earlier, ILCR exceeds 1E4 at only 

three locations (i.e., wells 009GFMW4, 009GW007, and 009GW010). 

At location 009GFMW4, bemidine, benzene, and 1,4-dichloroWne account for 100 56 of the 

estimated ILCR Two other locations have also been impacted by VOCs md SVOCs. Vinyl 
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chloride, bis(2-~hloroethyl)cther, 1,2-dichloroe~, and benzene account for more than 1E4 

ILCR at 009GW007, while btnzeae, 1,4-dichlombenzem, and BEHP acunutt for more than 

1E-4 ILCR at 009GWO10. Wells 009GJ3lW4 and 009GWO10 are mar the middle of SWMU 9, 

and well 0090WOM is in the northeast. Wells OO9GFMW4 and 009GW010 are approximately 

500 feet from each other, and 009GW007 and 009GFMW4 are approximately 1,000 feet apart, 

with several wells between the two. Benzene was identified as a COPC in wells from the center 

of SWMU 9 to the central northeast portion of tbt SWMU. Based on flrst-quartcr s M o w  

groundwater monitoring data, wells 009GW007, 009GW014, 009GW012, 009GW013, 

009GW(n, 009GW009, 009GW121, 009GFMW4, and 009GWO10 -.to have been 

impacted by benzene. 

Total 2,3,7,8-TCDD equivalent concentrations wtre reported in firstquarter shallow 

groundwater in samples 009GW002,009GW004,OO9GW005, and 009GW016, and no reported 

concentration exceeded the corresponding MCL for 2,3,7,8-TCDD of 3E-8 mg/L. Arsenic 

contributed approximately om to two ordcrs of magnitude more risk at locations 009GW002, 

009GW004, and 009GW005 relative to the risk estimated for 2,3,7,8-TCDD equivalents. The 

risk estimated at 009GW016 was primarily due to pentachlorophen01, while 2,3,7,8-TCDD, 

ambenzene, benzene, and bis(2-ethyIhexy1)phthalate accounted for the remainder of the ILCR 

estimated at that location. TEQs were not analyzed for secondquarter groundwater samples. 

Sec0nd-Qwrk.r Shallow Groundwater 

Figure 6.2.1.4 shows tk cumulative ILCR cstjmated to exceed 156 and the correspow 

W o w  monitoring wells: 009GFMW4, 0090W003, 009GW005, 009GW006, 009GWOO7, 

009GWOOS, 009GWOO9, 009GW010, 009GWOl1, 009GW012, 009GW013, and 009GW014. 

Arsenic accounts for the majority of. risk estimates for first- and secondquarter shallow 

groundwater. 
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As ILCR is presented in Figure 6.2.1.8, arsenic and beryUium contributions to location-specific 

ILCR were excised. ILCR was estimated to ex& 1Ed at tbc following shallow monitoring 

wells: 009GFMW4, 009GW006, 009GWOM, 009GW009, 009GW010, and 009GW013. Of 

these locations, ILCR was estimated b exceed 1E4 at 009GW006 and 009GW007 only. ILCR 

estimated for well 009GWOO6 was contributed by hexachlorobtnzene, hexachlmbutadiene, and 

hexachlometham. Arsenic was reported at this location at a w~lcentration below its MCL. 

Vinyl chloride, 1,2-dichtoroethant, methy1ene chloride, benzenc, and trichlometkne account 

for greater tban 1E-4 lLCR at location 009GW007. VOCs and SVOCs appear to bavc impacted 

the following shallow monitoring wells based on secondqwrter results: 009GWO07, 

009GW014, W W 0 1 3 ,  009GW009, 009GFMW4, and 009GW010. 

In shallow groundwater, many VOCs a d  SVOCs were reported in both first aad second 

quarters. Bcnzcnt, chlorobemene, 1 ,4-dichlom~ae,  1 , 2 d i c h l m ,  1 , 2 d i c h l o ~ ,  

2,4dhethylp~~,4-methylphenol, and vinyl chloride were reported in both quruters. Arsenic 

was not reported at cu~~~entrations exceeding its MCL, and isolated shallow monitoring wells 

appear to have been impacted by VOCs and SVOCs. Cumulative risk estimates exceeded 1E4 

in both quarters at only one sample location (009GW007), and the remain@ contributors are 

shown in Table 6.2.1.62. 

HIS were assessed on a locattion-specific basis as shown in Table 6.2.1.62. The following 
inorganics were reported in both first- a d  second-Wow gmuodwater data: barium, copper, 

lead, manganese, and vanadium. Thallium significantly contributed to HIS athated for 

frrstqwkr shallow groundwater. However, thaUium was not iddi led as,a COPC in 
second- ground-. HIS estimated for fus- ad scad- W o w  gmwdwater 

were primarily due to manganese. 
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COCs identified in first-quarter W o w  groundwater are: azobenzme, 1,2-dichlomethane, 

beme=, benzidioe, 2,3,7,8-TCDD, bis(2chtorotthyl)ether, pmtachlorophenol, and vinyl 

chloride. 

COCs ide-ed in secondquar&er shallow groundwater are: chlorobe~l~ene , 

I , 4 d i c h l o m ~ ,  1 , 2 d i c h l o m r e ~ ,  1,2dichloroethe~, methylme chloride, beryllium, 

arsenic, barium, benzeot, cadmium, 2 , ~ t h y ~ p b t n o l ,  hexachlorobutadiene, 4-methylphenol, 

vinyl chloride, and h e x ~ c b l o r o ~ .  

Hypothetical Site Workem 

I?% Quarter Sitewide 

The estimated ILCRs for future site workers are 3Er2 and 2E4  for the ingestion and inhalation 

pathways, respectively. The ingestion ILCR is primarily a result of the ILCR for benzidine, and 

bis(2-chloroethyl)ether is the primary contributor to inhalation ILCR. Tht Ms for thc ingestion 

aad inhalation exposure pathways of the site worker scenario were calculated to be 0.7 

(primarily due to antimony, barium, and 4-methylphenol) and 3 (due primarily to 

hex8chlo~0~yclope~em~,  respectively. 

Second Quarter Sitewide 

ILCR estimates are 6E-4 and 1E-4 for the ingestion and M a t i o n  pathways, respectively. 

Vinyl chloride and arsenic are tht primary contributors to ILCR, and secondary contributors are 

1,2-dichloroetham, beryllium, benzenc, and hexachlorobenzene. The ingestion and inhalation 

HIS are 2 and 0.5, respectively. Arsenic accounts for more than 50 % of the ingestion HI, while 

c h ~ o r o ~  and hexachlom- account for the inhalation HI. k i d i o e  was not detected 

in any second-quarter groundwater sample. 
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Deep Groundwater 

Hypothetical Site Residents 

Nrst Quarter Sitewide 

The deep groundwater ingestion ILCR for hypothetical site residents is 2E-7, and the inhalation 

pathway ILCR is 3E-6. The risk calculated for the each pathway is due solely to chloroform, 

which was detected in only one sample during the first quarter (009GW06D). Chloroform was 

not identified as a COPC for second-quarter deep groundwater. For the ingestion pathway, the 

hazard indices for the adult and child residents are 59 and 138, respectively. The primary 

contributor to hazard is thallium. The inhalation pathway HI is 0.6 for the adult resident, and 

the HI for the child resident is 1. Carbon disulfide is the primary contributor to HI and was 

detected in one first-quarter sample only (009GW04D), and carbon disulfide was not a deep 

groundwater COPC based on second-quarter deep groundwater screening. 

Second Quarter Sitewide 

No VOCs were identified based on second-quarter deep groundwater monitoring data. 

Therefore, the inhalation exposure pathway was not assessed. In addition, no carcinogenic 

COPCs were identified, and ILCR was not calculated. HIS for the adult and child resident were 

estimated to be 7 and 17, respectively. Manganese contributed more than 97 % of the HI. 

Thallium was not detected in any second-quarter deep groundwater sample. 

Location-Specific 

First-Quarter Deep Groundwater 

As shown in Figure 6.2.1.5, the cumulative ILCR was estimated to exceed 1 E-6 at the following 

wells: 009GW03D, 009GW04D, 009GW06D, 009GW07D, 009GW09D, and 009GW 12D. 

Arsenic accounts for the majority of risk estimates for first-quarter deep groundwater. 

Figure 6.2.1.9 shows the cumulative ILCR estimated without arsenic. ILCR exceeds 1E-6 at 

only one sample location, 009GWMD, and chloroform accounts for the ILCR estimate at that 

location. 
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Second-Quarter Deep Groundwater 

As shown in Figure 6.2.1.6, the cumulative ILCR was estimated to exceed 1E-6 at only one 

well, 009GW06D. Arsenic accounts for 100% of the risk estimated for second-quarter deep 

groundwater at that location. Figure 6.2.1.10 shows the cumulative ILCR estimated without 

arsenic. ILCR exceeds 1E-6 at only one sample location, 009GW06D, and chloroform accounts 

for the ILCR estimate at that location. 

Table 6.2.1.62 shows the risk estimate for each COPC at each location for deep groundwater, 

and first- and second-quarter data are noted in the table. ILCR at two locations was estimated 

to equal 1E-4 in either quarter (009GW04D and 009GW06D). With the exception of location 

009GW06D, arsenic was the only contributor to excess cancer risk in first- and second-quarter 

deep groundwater. Arsenic was not reported at concentrations exceeding the MCL in any deep 

groundwater sample, Chloroform was reported in the first-quarter sample from 009GW06D, 

and was the only contributor to risk in first-quarter groundwater other than arsenic. However, 

chloroform was not identified as a COPC in second-quarter deep groundwater, and arsenic 

accounted for 100% of the risk estimated at 009GW06D during the second quarter. 

Cadmium was reported in both tirst-and second-quarter deep monitoring wells at SWMU 9. 

Cadmium was reported in only one of 20 samples during the first quarter, and was reported in 

four of 17 samples in the second quarter. Manganese was generally the primary contributor to 

hazard indices estimated for first and second-quarter deep groundwater HIS shown in 

Table 6.2.1.62, and thallium was a significant contributor when identified as a COPC, Thallium 

was not detected in second-quarter deep groundwater. Cadmium HQs were typically less than 

1.0 of location-specific HIS. 
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Hypothetiad site workers 
Fest Qurrrter S M d e  

The estimated ILCRs for future site workers via the iagestion and inhalation pathways are 7E-8 

and 9E-7, respectively. The only contributor to ILCR is chloroform, which was detected in only 

one sample and only during the first quarter of pouadwater monitoring. The HIS for the 

ingestion and Mat ion  exposure pathways of the site worker scenario were calculated to be 

21 and 0.2, respectively. Ingestion hazard is due primarily to thallium, while the largest 

contributor to inhatation hazard is carbon disulficle. 

Seamd Quarter Sitewide 

No VOCs were W e d  based on secondquarter deep groundwater monitoring data. 

Therefore, the Wat ion  exposure pathway was not assessed. la addition, no carcinogenic 

COPCs were identified, and ILCR was not calculated. HI for the ingestion pathway was 3 for 

the site worker, with manganese contributing more than 97%. 

COCs identified in firstquarter deep groundwater are: cad-, manganese, and thallium. 

COCs identified in sed-quarter deep groundwater arc: cadmium and manganese. 

6.2.1.6 Risk U n d t y  

C h a m h r h t i n  of Expmm Setting and Identificgtion of Expame Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region ZV when assessing potential and current exposure. The highly protective exposure 

assumptions in the site worker scenario and would tend to ovenstbate exposure. Current site 

workers M not exposed to site groundwater. They ue Mequently exposed to surface soil 

whea walking across the site, using comm~ial  facilities, or mowing grass. Site workers would 

not be expected to work omite in contact with affected media for eight burs per day, 250 days 

per year as assumed in the exposure assesment. Mowing grass 52 days per year would reduce 



Final RgPA Fcrc'liry inmt ig~ '0n  Report for Zonc H 
N A M E  Clrarlwton 
Scaion 6: Bcu& R&k Asscjsmcnt 
July 5.19% 

exposure frequery:y 80% relative to the default worker assumption. As a result, estimated 

exposure would be proportio~)u~teIy reduced. The most common outdoor activities onsite are 

currently recmtion oriented. Short-tenn exposure to S W M U  9 d a c e  soil may occur when 

individuals use the onsite runniog track and ballfields. Surface soil in these areas principally is 

MI material. 

Residential use would not be expected based on past/current site uses and the nature of the 

sum* buildings. If this historical hndfjll was used as a residential site, the buildings 

would be demolished, and tk surface soil conditions would likely change - the soil could be 
covered with hdscaphg soil, a paved driveway, War a house. Consequently, exporn to 

m n t  surface soil conditions would not be lilcely under a true future residential scenario. No 

basements would be completed in Iight of the shallow warn table and waste disposition. 

Tbe base reuse plan indicates SWMU 9 will be used as an industrial buffer zone adjacent to an 

intennodal railway. Cinders will be used as part of the constrwtion materials for the railway, 

and railroad ties are a source for BEQs. In addition, there are no plans to use the aquifers 

sampled as a potable or process water source. This should be a consideration of risk 

management when determining whether remedial actions are warranted. Table 6.2.1.62 can be 

used to subtract the risk posed by individual COPCs (such as BEQs or arsenic) from the total 

risk at each sample location for first- and secondquarter shallow and deep groundwater. 

Shallow groundwater is not amently used at SWMU 9 for potable or industrial purposes. A 

basewick system provides drinlnng and process water to buildings throughout Zoac H. This 

system is scheduled to remain in operation under tbe current base reuse plan. As a result, 

shallow groundwater use would not be expected under future land use scenarios. Therefore, the 

scenario established to estimate risk and hazard associated with W o w  and deep groundwater 

exposure is highly conservative, and associated pathways are not expected to bc completed in 

the future. 
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Lktemiktbn of Eqpsun Point Concenhtions 

Soil EPCs for SWMUs 19-20, 12 1, and AOC 649 basad on UCU. Fewer than 10 samples 

delineate the extent of CPSSs detected at AOC 650, and tbe maximum reported surface soil 

C O X  concentrations wcrt used as EPCs there. EPCs for first- sad secondquarter shallow 

groundwater are based on UCLs, and the maximum reported c o ~ t i o n s  were used as the 

deep groundwater EPCs. The use of maximum reported concentrations could overestimate 

exposure and resulting risldhazard, and the quadh t ion  of exposun wben using maximum 

reported c o ~ t i o n s  dots not account for p0knb.l variabity in the contaminant 

concentrations in the matrices. 

lhquency of Detection Md S '  LWribution 

In surface soil, several COKs that were identified as major contributors to risk a d o r  hazard 

were detected in only a small amount of samples collected. This was detailed in individual 

AUC/SWMU discussions following COC identitication where appropriate. 

Elevated TPH results (i.e., greater than 100 mgfkg) wen reported in soiI samples at SWMUs 19 

and 121 and AOC 649. No groundwater sample contained detectable TPH comeatmtions. The 

absence of TPH in groundwater indicates the W o w  aquifer is sufficiently protected. under 

current d t i o n s  with tespect to soil-to-&roundwater cross-mcdia tramport of these constituents. 

However, TPH soil AL of 100 mg/kg bas been established for NAVBASE. 

Overeshation of riskmazatd is possible for both shallow and deep groundwater, as is evident 

by the low detection f iwpmy COO (i.e., less than 5 46). Tbc presence of COCs with low 

fkqucncics of detection iacreases the potential for variability in calculated riskmazard for 

surface soil a d  groundwater in this HHRA. 'Ibc effect of the ummtahy would l b l y  be to 

overestimate risk and hazard. I .  addition, potable or production wells installad at the few 

locations with high concentrations of COCs would deplete the local comtmhm source over 

time. Therefore, some of the probable sources would mt persist for 30 years, which was the 
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assumed exposwe duration in this assessment. Thus, chronic exposure at EPCs used in this 

To fbth detail the distribution of colltaminants in SWMU 9 groundwater and their 

correspouathg risk/hazard, Table 6.2.1.62 was provided in additio11 to graphical representations 

of lation-specific cumulative risk. Figures were provided for each quarter d WBZ. Arsenic 

and beryllium account for most of the cumulative risk estimates shown on tbe figures, and the 

c o ~ o n s  reported for tbese COPCs are below heir MCLs. Using Table 6.2.1 -62, ttae risk 

contributed by arsenic and beryllium was subtracted from risk totals, and additional figures 

(Figures 6.2.1.3 thrwgh 6.2.1.10) were developed which show location-specific cumulative risk 

(less arsenic and beryllium contributions). 

BEQs were detected frequently in surface soil in combined SWMU 9. -re appears to be a 

correlation between elevated cPAH co~lcentrations in surface soil and the black material with the 

consistency of cinders. This "coal clinker," has been used extensively across the zone for road 

base and general fiu. I)ue to its coal origins and combustion generation process, the detection 

of cPAHs in soil mixed with the material is not unexpckd. The characteristics of the material 

including a cinder consistency would tead to minimize coingestiun with native soil. The material 

was present at the surface in some areas of SWMU 9 and buried bemath more recent shallow 

soil frIl in others. As a result, constructing a comprehensive coal clinker distribution map was 

not possible. The existence of this material should, however, be considered in the risk 

management process. 

The extent of COPCs is gcmrally scattered with no coherent pattern being evident, and no plume 

was ideflied based on the distribution of COPCs in either monitored zone. In addition, COPCs 

in deep groundwater were not identified in shallow groundwater. Lack of a definable plume is 

common in dilute mixed-waste hdfills. The lack of a plume and lack of consistMlcy in the 
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shallow to deep COPCs indicate that tbc landfill is not a mute. Tbt presence of coal clinker 

could be a source of BEQs c o ~ t i o n s  rcporttd at SWMU 9. 

QuanMkation of RkMWard 

As indicated by the discussions above, the mxatahty inbercnt in the risk assessment process 

is great. In addition, many site-specific factors would upwardly bias the risk and hslard 

estimates. Exposure pathway-specific sources of mmtahty are dimmed below. 

soil 

Of the CPSSs elimioated from formal assessment because they did not exceed the c o r r q o ~  

RBCs, few were reported at c o m t i o a s  close to tlae RBCs (i.e., within approximately 10% 

of the RBCs). This mbhbes fhe likelihood of potentially significant cumulative rislc/hazd 

with respect to the eliminated CPSSs. Comxntrations of d-, chromium, and manganese 

ex& their co-w RBCs, but maximum c o ~ t i m  of these elements did not 

exceed the c o r r e s p o ~  refereme w ~ t i o n s .  Therefore, they were ehhakd from formal 

assessment based on cm@sons to the r e f e m  concentrations, because thy did not contribute 

to excess risWbazard onsite. 

CT analysis would most likely influence exposure estimates for the following sites within 

combined SWMU 9: AOC 649, SWMU 19, SWMU 20, and AOC 650. Reducing the exposure 

assumptions from RME to CT would reduce the sum IWR estimafcd for AOC 649 to below the 

1E-6 risk threshold. In addition, exposwe mimates at SWMU 19, SWMU 20, and AOC 650 

would approach the 1E-6 risk threshold. 

Gm WLmYater 

Of the CPSSs eliminated from formal assewnest kcwce they did m t  exceed the comsponding 

RBCs, none was reported at a concentration within 10% of its RBC. This mhhbes the 

likelihood of potentidy significant cumulative risWhazard with respect to the eliminated CPSSs. 
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Co~~~ntrations reported for arsenic and mangantse exceeded the corresponding RBCs, but 

maximum collcentrations did not exceed the corresponding ~efereace concentratioz1s. Therefore, 

arsenic and mangamse were eliminated from fonnal assessment based on CO-ns to the 

'om, trecause they did not contribute to excess risk/hazard reference commtmQ onsite. CT 

assessment of groundwater was not warranted at SWMU 9 because ILCR estimates would 

exceed the 1E4 upper-bad risk range at some locations. Therefore, graphical tepresentations 

of location-specific ILCR (Figures 6.2.1.3 through 6.2.1.10) were developed as an evaluative 

tool for risk management. 

Groundwater is not c u d y  a potable water mum at Zone H, nor is it used on the naval base 

or in the sum- area. Municipal watcr is rcadily available. As previously mentioned, it 

is highly unlikely that the site will be developed became residential, snd it is unlikely that a 

potable-use well would be installed onsite. It is probable that, if residences were constructed 

onsite and an udiltered well was installed, the salinity and dissolved solids wouid p ~ l u d e  this 

aquifer from being an acceptable potable water source. The quality of Zone H groundwater was 

discussed in Section 3 of this RFI, and the conclusion was reached that the groundwater is not 

suitable for potable use based on the water quality data presented in Section 3.2.10, Table 3.4. 

The mnpotability determination was made independent of site-related influences. 

Although SWMW 9 will be used as an industrial buffer zone, both the worker and residential 

exposure scenarios were assessed in this fMRA. As previously discussed, these scenarios would 

likely ovensthate exposure. 

6.2.1.7 Risk Sunuuary 

The risk and hazard posed by contaminants at combined SWMU 9 were assessed for the 

hypothetical site worker and the hypothetical future site resident under RME assumptions. In 

surface soil, the incidental ingestion and dermal contact pathways were assessed in this HHRA. 

Ingestion and hhaktirn were evaluated for shallow and deep groundwater based on firs- and 
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second-quarter groundwater monitoring data. Table 6.2.1.64 presents the risk pathway summary 

for combined SWMU 9. 

6.2.1.8 Remedial Goal Options 

RGOs for carcinogens in surface soil were based on the residential lifetime weighted average 

and the adult site worker. Hazard-based RGOs were calculated based on either the hypothetical 

child resident or the adult site worker, as noted in each of the corresponding tables. RGOs 

were developed for all COPCs, and therefore, inclusion in an RGO table does not necessarily 

indicate that remedial action is warranted. 

Soil 

SWMU 19 

Tables 6.2.1.65 and 6.2.1.66 present the RGOs for SWMU 19 surface soil based on the 

residential and site-worker scenarios, respectively. 

SWMU 20 

Tables 6.2.1.67 and 6.2.1.68 present the RGOs for SWMU 20 surface soil based on the 

residential and site-worker scenarios, respectively. 

SWMU 121 

Tables 6.2.1.69 and 6.2.1.70 present the RGOs for SWMU 121 surface soil based on the 

residential and site-worker scenarios, respectively. 

AOC 649 

Tables 6.2.1.71 and 6.2.1.72 present the RGOs for SWMU 649 surface soil based on the 

residential and site-worker scenarios, respectively. 
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AOC 650 

Tables 6.2.1.73 and 6.2.1.74 present the RGOs for SWMU 650 surface soil based on the 

residential and site-worker scenarios, respectively. 

First-Quarter Shallow Groundwater 

Tables 6.2.1.75 and 6.2.1.76 present the RGOs for combined SWMU 9 first-quarter shallow 

groundwater based on the residential and site-worker scenarios, respectively. 

Second-Quader Shallow Groundwater 

Tables 6.2.1.77 and 6.2.1.78 present the RGOs for combined SWMU 9 second-quarter shallow 

groundwater based on the residential and site-worker scenarios, respectively. 

First-Quarter Deep Groundwater 

Tables 6.2.1.79 and 6.2.1.80 present the RGOs for combined SWMU 9 first-quarter deep 

groundwater based on the residential and site-worker scenarios, respectively. 

Second-Quarter Deep Groundwater 

Tables 6.2.1.81 and 6.2.1.82 present the RGOs for combined SWMU 9 second-quarter deep 

groundwater based on the residential and site-worker scenarios, respectively. 
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Table 63.131 
axponVe Pnth~sp Summnry - Cambiacd SWMU 9 

Naval Base Charkston 
Charlesbn, SMltb Carolina 

Potentidy Exposed Medium aad Expomm hthway Sebtttd 
Population p.tb-~ for Evaluath? &sroa for Sekcbbn m Exclusion 

Shrllow groundwater, 
Inhalation of volatiliztd 
ccnmmhm during 
dome!4tic use 

Deep g d w r t e r .  
Ingestion of amtamhits 
during potable or galeral 
use 

Soil, lncidentrl ingestion 

Soil. Dermal contact 

W ' i  game or domestic 
minula, bestion of 
tiMWimpIMbdbynaedir . . ColmnJwxm 

Fnrirs md vcgctpbles, 
Ing* of plant tissues 
grown in medip 

Yes 
(Fibst md Second 

QuPrars) 

Yes 
(First and s#.ond 

QuPrters) 

Ycs 
First Q w t e r  

Only) 

Yes 

VOCs were identifibd at this sire based on 
tbc scrmihg comparisons used to develop 
the kt of COF'cs. 

CPSSs were gmm than R3C md 
Refmnacoacwartions. 

VOCs were idcatified at this site bwed on 
Ihe scfcdog lxm@sms used to develop 
lilclistofcOPCsfw~quuterdeq 
gromlw*tcr. No VOCs were idefhkd as 
COPCs bubd on d q w r  
gmlKIwater data. 

Current soil mrdihns were assessed for 
the hypotheticrl residential md site worker 
s c u w h .  However, any future 
conmuctiw activities would likely include 
clun soil being pLad on top of current 
surfrce soils. 

C u r r e n t m i l ~ w e ~ r s s e s s e d f o r  
the h y p h b l  residentirl acuwio. 
Homer, any hmue cmmuujcm activities 
wouM likely iaciude ciun soil being placed 
on top of current mrhce soils. 

Huntinglukiag of game &or raising 
livwtock is prohibad within the 
Chnr1cston, souul Carolina city limits. 

The potcntkl for significrnt exposure via 
this pathway is low relrtive to that of other 
exposure pehways rsswsed. 
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Find R C .  Fdlity Invzrtigntion R p H  for Zonc H 
N A M E  Ckrlc~ton 
SMion 6: Baseline Risk Assessmau 
July 5, 1996 

Tnble 6.2.1.45 
NAVBllSE - Charleston Zone H 

SWMU 19 
VSEPA LEAD MODEL V d m  0.99d Outpat 

- - - - - - - 

AIR CONCENTRATION: 0.100 pg Pb/W DEFAULT 

Indoor AIR Pb Cwc: 30.0 percent of outdoor. 

Other AIR Paramacrs: 

T h e  Outdoom Vcnt. Rate 
(h) (maldpy) 

DIET: DEFAULT 

DRMUNG WATER Conc: 15.00 pg F%/L 
(set qd to the USEPA Offia of Water Treatmnt Technique AL) 
WATER Consumption: Default 

SOIL & DUST: 
Soil: constant cone. 
Dust: constant corn. 

House Dust 

Additional Dust Sources: None DEFAULT 

ALTERNATE SOURCE Intake: 
5-6: 0.50 pg Pbiday 

CALCULATED BLOOD Pb and Pb UITAKES: 

Blood Lcvd Total Uptake Soll+Dast 
Yew ww W*Y) W ~ Y )  

Met Uptake WrtaUptake AlteanateSourcc 
Year 

UptPLc 
W h y )  W h y )  UptPlte W h y )  W h y )  
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Se&n 6: Baseline Risk Arsusntent 
July 5, 1996 

Table 6.2.1.50 
NAVBASE - Charieston f ine H 

SWMU 121 
USEPA LEAD MODEL V a s h  0.- Output 

AIR CONCENTRATION: 0.100 pg Pb/@ DEFAULT 

Indoor AIR Pb Conc: 30.0 percent of outdoor. 

* 
Vmt. Rnte 

DIET: DEFAULT 

DRINKING WATER Conc: 15.00 pg PblL 
(set equal to the USEPA Office of Water TrcamLent T ~ q w  AL) 
WATER Consumption: Default 

SOIL & DUST: 
Soil: constant conc. 
Dust: constant conc. 

Additional Dust Sources: Nom DEFAULT 

ALTERNATE SOURCE Intakt: 
5-6: 0.50 pg Pblday 

CALCULATED BLOOD Pb aad Pb UPTAKES: 

Year 

Diet Uptake WPtaUpekt AklmtcSourre Air Uptake 
Year W h y 1  W h y )  uptrrlrt W ~ Y )  W h y )  



T
ab

le
 8

.2
.1

.5
1 

H
az

ar
d 

Q
uo

tie
nt

s 
an

d 
In

cr
em

en
ta

l L
ife

tim
e 

C
an

ce
r 

R
is

ks
 

In
ci

de
nt

al
 S

ur
fa

ce
 S

o
il 

ln
g

ss
tio

n
 

A
O

C
 6

49
 

N
av

al
 B

as
e 

C
ha

rle
st

on
 

C
ha

rle
st

on
. 

S
C

 

B
e

n
z

o
(a

)~
e

n
a

 E
qu

iv
al

en
ts

 

M
w

w
 

O
ra

l R
fD

 
O

ra
l S

F 
U

se
d 

U
se

d 

C
he

m
ic

al
 

(m
gl

kg
-d

ay
1 

(m
g

lk
g

d
a

y)
-l

 

S
U

M
 H

az
ar

d 
In

de
xh

LC
R

 
. 

0.
03

 
0.

3 
2E

-0
6 

0.
01

 
3E

-0
7 

N
O

TE
S

: 
N

A
 

N
o

t a
va

ib
bl

e 
N

D
 

N
ot

 D
et

er
m

in
ed

 d
ue

 t
o

 la
ck

 o
f 

av
ai

ia
bl

e 
in

fo
rm

at
io

n 

Iw
a

 
lif

et
im

e 
w

ei
gh

te
d 

av
er

ag
e;

 u
se

d 
to

 c
al

cu
la

te
 e

xc
es

s 
ca

rc
in

og
en

ic
 r

is
k 

de
ri

ve
d 

fr
o

m
 R

A
G

S
 P

ar
t A

 
IL

C
R

 
In

cr
em

en
ta

l L
ife

tim
e 

ex
ce

ss
 C

an
ce

r 
R

is
k 

P
ot

en
tia

l C
ur

ra
nt

 
P

ot
en

tia
l C

ur
re

nt
 

W
or

ke
r 

ad
ul

t 
W

or
ke

r 
ad

ul
t 

H
az

ar
d 

Q
uo

tie
nt

 
lL

C
R

 

P
ot

en
tia

l F
ut

ur
e 

P
ot

en
tia

l F
ut

ur
e 

R
es

id
en

t a
du

tt 
R

es
id

en
t c

hi
ld

 

H
az

ar
d 

Q
uo

tie
nt

 
H

az
ar

d 
Q

uo
tie

nt
 

P
ot

en
tia

l F
ut

ur
e 

R
es

id
en

t f
w

a 
IL

C
R

 



T
ab

le
 6

.2
.1

.6
2 

H
az

ar
d 

Q
uo

tie
nt

s 
an

d 
In

cr
em

en
ta

l L
ife

tim
e 

C
an

ce
r 

R
is

ks
 

D
er

m
al

 C
on

ta
ct

 W
ith

 S
ur

fa
ce

 S
oi

l 
A

O
C

 6
49

 
N

av
al

 B
as

s 
C

ha
rle

st
on

 
C

ha
rle

at
on

, 
S

C
 

O
ra

l R
fD

 
O

ra
l S

F 
D

er
m

al
 

U
se

d 
U

se
d 

C
he

rd
ca

l 
A

dj
us

tm
en

t 
(m

gl
kg

-d
ay

l 
(r

ng
lk

g-
da

y)
-1

 

B
en

zo
(a

lp
yr

en
e 

E
qu

iv
al

en
ts

 
0.

5 
N

 A
 

1
4
.6

 

M
~

w
 

0.
2 

6E
-0

5 
N

 A
 

S
U

M
 H

az
ar

d 
In

de
xl

lL
C

R
 

N
O

T
E

S
: 

N
A

 
N

ot
 a

va
ila

bl
e 

N
O

 
N

ot
 D

et
er

m
in

ed
 d

ue
 t

o
 la

ck
 o

f 
av

ai
la

bl
e 

in
fo

rm
at

io
n 

Iw
a

 
lif

et
im

e 
w

ei
gh

te
d 

av
er

ag
e;

 u
se

d 
to

 c
al

cu
la

te
 e

xc
es

s 
ca

rc
in

og
en

k 
ri

sk
 d

er
iv

ed
 f

ro
m

 R
A

G
S

 P
ar

t A
 

IL
C

A
 

In
a

sm
e

n
ta

l L
ife

tim
e 

ex
ce

ss
 C

an
ce

r 
R

is
k 

- 
D

sr
m

af
 t

o
 a

bs
or

be
d 

do
se

 a
dj

us
tm

en
t f

ac
to

r 
is

 a
pp

lie
d 

to
 a

dj
us

t f
or

 O
ra

l S
F 

an
d 

R
fO

 (i
.e

., 
th

e 
or

al
 R

fO
 i

s 
ba

se
d 

o
n

 o
ra

t a
bs

or
pt

io
n 

ef
fic

ie
nc

y 
w

h
ic

h
 s

ho
ul

d 
n

o
t b

a 
ap

pl
ie

d 
to
 d

er
m

al
 e

xp
os

ur
s 

an
d 

de
rm

al
 C

D
ll 

P
ot

en
tia

l F
ut

ur
e 

P
ot

en
tia

l F
ut

ur
e 

R
es

id
en

t a
du

lt 
R

es
id

en
t c

M
ld

 
H

az
ar

d 
Q

uo
tie

nt
 

H
az

ar
d 

O
uo

tls
nt

 

P
ot

en
tia

l C
un

en
t 

P
ot

en
tia

l C
ur

re
nt

 
W

or
ke

r 
sd

ul
t 

W
or

ke
r 

ad
ul

t 
H

az
ar

d 
Q

uo
tie

nt
 

IL
C

R
 

P
ot

en
tia

l F
ut

ur
e 

R
es

id
en

t l
w

a
 

IL
C

R
 



T
ab

le
 6

,2
.1

.5
3 

H
az

ar
d 

Q
uo

tie
nt

s 
an

d 
In

cr
em

en
ta

l L
ife

tim
e 

C
an

ce
r 

R
is

ks
 

In
ci

de
nt

al
 S

ur
fa

cs
 S

oi
l I

ng
es

tio
n 

A
O

C
 6

50
 

N
av

al
 B

as
e 

C
ha

rle
st

on
 

C
ha

rle
st

on
, 

S
C

 

A
ro

cl
o

r-
1

2
6

4
 

B
en

zo
(a

)p
yr

en
e E

qu
iv

al
en

ts
 

C
op

pe
r 

O
ra

l R
fD

 
O

ra
l S

F 

U
se

d 
U

se
d 

C
he

m
ic

at
 

(~
/k

g
-d

a
y

) 
(m

gt
kg

-d
sy

)-
l 

S
U

M
 H

az
ar

d 
In

de
x/

lL
C

R
 

0
.0

4
 

0.
4 

4E
-0

5 
0.

01
 

4E
-0

6 

N
O

TE
S

: 
N

A
 

N
o

t a
va

ila
bl

e 

N
D

 
N

o
t D

et
er

m
in

ed
 d

ue
 t

o
 la

ck
 o

f 
av

ai
la

bl
e 

in
fo

rm
at

io
n 

Iw
a 

lif
e

tim
e

 w
ei

gh
te

d 
av

er
ag

e;
 u

se
d 

to
 c

al
cu

la
te

 e
xc

es
s 

ca
rc

in
og

en
ic

 r
is

k 
de

ri
ve

d 
fr

om
 R

A
G

S
 P

ar
t A

 
IL

C
R

 
In

cr
em

en
ta

l L
ife

tim
e 

ex
ce

ss
 C

an
ce

r 
R

is
k 

P
ot

en
tia

l C
ur

re
nt

 
P

ot
en

tia
l C

ur
re

nt
 

W
or

ke
r 

ad
ul

t 
W

or
ke

r 
ad

ul
t 

H
az

ar
d 

Q
uo

tie
nt

 
IL

C
R

 

P
ot

en
tia

l h
rt

u
re

 
P

ot
en

tia
l F

ut
ur

e 

R
es

id
en

t a
du

lt 
R

es
id

en
t c

hi
ld

 
H

az
ar

d 
Q

uo
tie

nt
 

H
az

ar
d 

Q
uo

tie
nt

 

P
ot

en
tia

l F
ut

ur
e 

R
es

id
en

t I
w

a
 

IL
C

R
 



T
ab

le
 6

.2
.1

.6
4 

H
az

ar
d 

Q
uo

tie
nt

s 
an

d 
In

cr
e
m

e
n
ta

l L
ife

tim
e 

C
an

ce
r 

R
is

ks
 

D
er

m
al

 C
on

ta
ct

 W
it
h

 S
ur

fa
ce

 S
o8

 
A

O
C

 6
50

 
N

av
al

 B
as

e 
C

ha
rle

st
on

 
C

hl
rr

ls
rt

on
, S

C
 

A
ro

d
o

r-
 1

 2
5

4
 

B
en

zo
(a

)W
re

ns
 E

qu
iv

al
en

t8
 

Co
pp
er
 

O
ra

l R
fD

 
O

ra
l S

F
 

D
er

m
al

 
U

se
d 

U
se

d 
C

h
a

m
iu

l 
A

dj
us

tm
en

t 
(r

ng
lk

g-
da

y]
 

(m
g
kg

-d
a
y)

-1
 

S
U

M
 H

az
ar

d 
In

de
x/

lL
C

R
 

0.
03

 
0.

08
 

2E
-0

5 
0

.0
2

 
7E

-0
6 

N
O

T
E

S
: 

N
A

 
N

ot
 a

va
ila

bl
e 

N
D

 
N

o
t D

et
er

m
in

ed
 d

ue
 t

o
 la

ck
 o

f 
av

ei
ia

bl
e 

in
fo

rm
a
tio

n
 

Iw
a

 
lif

e
tim

e
 w

ei
gh

te
d 

av
er

ag
e;

 u
se

d 
to

 c
al

cu
la

te
 e

xc
es

s 
ca

rc
in

og
en

ic
 r
is

k 
de

ev
ed

 fr
o
m

 R
A

G
S

 P
ar

t A
 

IL
C

R
 

ln
cr

sm
en

ta
l L

ife
tim

e 
ex

ce
ss

 C
an

ce
r 

R
is

k 
- 

D
er

m
al

 to
 a

ba
or

be
d 

do
se

 a
dj

us
tm

en
t f

sc
to

r 
is

 a
pp

lie
d 

to
 a

d
ju

st
 fo

r 
O

ra
l S

F 
an

d 
R

fD
 li.

8
.. 

th
e
 o

ra
l R

fD
 1s

 b
as

ed
 

o
n
 o

ra
l a

bs
or

pt
io

n 
ef

fic
ie

nc
y 

w
hi

ch
 s

ho
ul

d 
no

t 
be

 a
pp

lie
d 

to
 d

er
m

at
 e

cp
os

ur
a 

an
d 

de
rm

al
 C

D1
) 

P
ot

en
tia

l C
ur

re
nt

 
P

ot
en

tia
l C

u
rr

e
n
t 

W
or

ke
r 

ad
ul

t 
W

or
ke

r 
ad

ul
t 

H
az

ar
d 

Q
uo

tie
nt

 
IL

C
R

 
P

o
te

n
tia

l F
ut

ur
e 

P
ot

en
tia

l F
ut

ur
e 

R
es

id
en

t a
d
u
lt 

R
es

id
en

t c
h
ild

 
H

az
ar

d 
Q

u
o
tie

n
t 

H
az

ar
d 

Q
u
o
tie

n
t 

P
ot

en
tia

l F
ut

ur
e 

R
ea

id
en

t I
w

a
 

lL
C

R
 



T
ab

le
 8

.2
.1

 -
6

5
 

H
az

ar
d 

Q
u
o
tie

n
ts

 a
nd

 In
cm

m
e
n
to

l L
ife

tim
e
 C

an
ce

r 
R

is
ks

 
S

ha
llo

w
 G

rw
n

d
w

a
ta

 In
g
e
st

io
n
 - F

ira
t Q

ua
rte

r 
S

W
M

U
 B

 
N

av
el

 b
w

 C
ha

tla
st

on
 

C
ha

rlo
rto

n.
 S

C
 

A
zo

b
m

zm
e

 
C

h
b

fo
b

e
n

z
m

 
C

hr
om

iu
m

 (t
rh

ra
le

nt
l 

1.
4-

D
kh

lo
ro

be
nz

an
e 

1
.2

-D
lc

h
lo

m
th

a
n
e
 

1.
2-

D
ic

hl
om

st
hm

a 
It

o
ta

ll 
A

n
tim

o
n
y 

b
ri

u
m

 
B

an
te

rm
 

tb
n

z
id

h
 

C
ar

bo
n 

d
ls

u
lf

i 
BE

H
P 

C
0P

p.
r 

2
,4

D
in

w
th

y
(p

W
 

2,
3,

7.
C

TC
D

D
 

e
q

u
iv

a
le

n
ts

 

E
t

h
v

r
a

~
n

 
bi

r(
2-

C
hf

w
cn

th
yO

et
he

r 

V
a
n
rd

iu
m

 
V

ln
yl

 c
hl

or
id

e 

O
ra

l R
fD

 
U

se
d 

(m
gl

kg
-d

ay
) 

P
ot

en
tia

l F
ut

ur
e 

R
es

id
en

t a
d
u
lt 

H
az

ar
d 

O
u
o
tia

n
t 

P
ot

en
tia

l F
ut

ur
e 

P
o
te

n
tia

l F
ut

ur
e 

R
e
d
d
a
n
t c

h
ild

 
R

es
id

en
t l

w
a 

1 IL
C

R
 

H
az

ar
d 

O
w

ti
e

n
t N
A

 
2.

4E
-0

6 
0.

37
6 

N
 A

 
0.

00
16

 
N

 A
 

0
.0

0
 1

 
9.

9E
-0

7 
N

 A
 

9.
3E

-O
B

 
O

.O
b5

 
N
A
 

1.
42

68
9 

N
 A

 
0
.7

6
3
1
8
 

N
 A

 
N
A
 

. 
6

.M
-0

6
 

0.
83

88
3 

9
.8

6
0

2
 

0
.0

0
7

6
9

 
W

 
0

.0
0

6
2

6
 

3.
6E

-0
7 

0
.0

2
9
4
7
 

HA
 

0
.1

8
1
2
0
 

N
A

 
N

 A
 

6.
3E

-0
6 

0.
01

 5
7
8
 

N
A

 
N

 A
 

1
 .S

E
W

 
0.

06
44

6 
N

A
 

N
A

 
N

 A
 

0.
01

 1
66

 
N

A
 

0
.8

6
7

8
7

 
N

 A
 

0
.0

0
4
0
3
 

3.
4E

-0
8 

0
.0

9
9

4
8

 
N

A
 

A
 

f 
8.1

- 

P
ot

en
tia

l F
ut

ur
e 

P
o
te

n
tia

l F
ut

ur
e 

W
or

ke
r 

rd
u

tt
 

W
or

ke
r 

ad
ut

t 
H

az
ar

d 
Q

u
o
tie

n
t 

IL
C

R
 

' 

S
U

M
 H

az
ar

d 
In

de
xl

lL
C

R
 

2
 

6
 

1E
-0

1 
0

.7
 

3E
-0

2 

N
O

E
S

: 
- 

IL
C

R
 f
o
r 

b
e

n
zl

d
id

 w
as

 o
rt

im
a
te

d
 u

si
n
g
 th

e 
o

n
e

-h
i c

sl
cu

lr
tlo

n
 fr

om
 R

A
G

S
 

N
A

 
N

o
t 

ew
ai

la
bl

e 

N
D

 
N

o
t D

a
te

rm
in

d
 d

ue
 t

o
 la

ck
 o

f 
av

aH
aM

a 
kf

o
rm

a
tio

n
 

Im
 

If
o

ti
n

m
 w

e
ig

h
te

d
 a

ve
ra

ge
; 

us
ed

 to
 c

a
lc

u
la

te
 e

xc
es

s 
ca

rc
in

og
en

ic
 ri

sk
 d

er
iv

ed
 fr

o
m

 R
A

G
S

 P
ar

t A
 

K
C

R
 

I
m

r
m

t
a

l U
fe

tl
m

 e
x

c
e

s
~

 C
an

ce
r 

R
is

k 



T
ab

le
 8

.2
.1

.6
8 

H
az

ar
d 

Q
uo

tie
nt

s 
an

d 
In

cr
em

en
ta

l U
fe

tim
e
 C

an
ce

r 
R

is
ks

 
In

ha
la

tio
n 

o
f 

C
on

ta
m

kr
an

tr
 V

ol
m

til
ite

d 
fr

o
m

 S
ha

llo
w

 G
ro

un
dw

at
er

 - 
A

n
t 

Q
ua

rte
r 

S
W

M
U

 I
 

N
av

al
 B

a
te

 C
h

a
rl

e
rt

m
 

C
ha

rle
rto

n,
 S

C
 

A
zo

b
en

zm
 

~
~

 
C

hr
om

iu
m

 lt
rh

n
k
n
tl 

1
.

4
-

~
~

e
 

1
,Z

-D
kW

m
d

u
n

e
 

1.2- 
(t

o
ta

l)
 

A
n

fk
m

n
y 

h
r

h
m

 
b

e
rm

 
kn

rld
ln

r 
C

nb
on

 d
lr

u
lfl

d
r 

BE
HP

 
cw

m
 

2
,c

~
m

rr
n

- 
2,

3,
7,

&
TC

D
D

 
oq

ul
va

la
nt

a 
E

th
yi

b
m

m
n
e
 

bb
(2
-O
lb
me
hy
ll
at
hn
 

H
.r

a
ch

lo
ro

cr
cl

tw
m

ta
&

n
e
 

le
a

d
 

2
-M

*n
o

l 
c
-y
b
h
n
o
l 

V
an

ad
lu

m
 

vi
n

yl
 e

hb
ft

da
 

S
U

M
 H

az
ar

d 
In

de
x/

lL
C

A
 

N
O

TE
S

: 
N
A
 

N
D

 
No
t 

.v
lil

aM
. 

N
o

t M
a
m

in
e
d

 d
m

 t
o

 la
ck

 o
f 

a
vr

ila
b

k 
In

fo
rm

tb
n

 
W

8
tit

m
 w

a
d

 
a
ve

n
g
e
: 

u
ss

d
 to

 c
ak

u
la

tr
 o

xm
as

 c
er

cl
no

ga
ni

c 
rl

rk
 d

er
iv

ed
 fr

om
 R

A
G

S
 R

rt
 A

 
km

e
n

w
n

ta
l U

fd
m

a
 m

x
m

u
 C

a
n

e
r 

R
b

k
 

D
m

m
l t

o
 r

b
o

fb
o

d
 

do
se

 a
d

jm
tm

m
t 

fa
ct

o
r 

in
 a

pp
lie

d 
to

 a
dj

us
t 

to
r 

O
ra

l S
F 

an
d 

R
fD

 0
.8.

. 
th

e
 o

ra
l R

fD
 Is

 b
a
re

d
 

on
 o

c.
1 

m
h

x
p

tk
m

 a
M

d
a

m
y

 w
h

kh
 .h

o
u
ld

 n
ot
 b

e 
a

p
p

W
 to

 d
et

m
al

 e
xp

os
um

 e
n
d
 d

er
m

al
 C

D
I) 

4 

IL
C

R
 f
a
 b

a
d

d
h

e
 w

ar
 
d

n
u

t
d

 u
si

n
g
 th

e
 o
ne
+&
 

ca
ku

la
tlo

n
 fr

om
 R

A
G

S
 

ln
h
a
l R

fD
 

In
h
a
l S

F 
U

se
d 

U
se

d 
(

M
g

d
a

y
l 

(r
n
g
R

g
d
a
yI

-1
 

P
o
te

n
tia

l C
ur

re
nt

 
W

or
ke

r 
ad

uk
 

lL
C

R
 

P
ot

en
tia

l C
ur

ra
nt

 
W

ar
ka

r 
a
d
u
lt 

H
az

ar
d 

Q
uo

tie
nt

 
P

ot
en

tia
l F

ut
ur

e 
P

ot
en

tia
l F

ut
ur

e 
h

s
M

e
n

t 
ad

ul
t 

R
e
tld

e
n
t c

h
ild

 
H

u
a

rd
 [l

u
o

tlm
t 

H
az

ar
d 

O
u

o
tb

n
t 

P
o
te

n
tia

l F
ut

ur
e 

R
es

id
en

t I
w

a
 

IL
C

R
 



T
ab

le
 6

.2
.1

.5
7 

H
az

ar
d 

Q
u

o
tie

n
ts

 a
nd

 ln
cr

sm
sn

ta
l L

ife
tim

e 
C

an
ce

r 
R

is
ks

 
S

ha
llo

w
 G

ro
un

dw
at

er
 I

ng
es

tio
n 

- S
ec

on
d 

Q
ua

rt
er

 
S

W
M

U
 9

 
N

av
al

 B
as

e 
C

ha
rle

st
on

 
C

ha
rle

st
on

, 
S

C
 

C
he

m
ic

al
 

C
hl

or
ob

sn
ze

ne
 

1 ,
4-

D
ic

hl
ar

ob
en

te
ne

 
1,

2-
D

ic
hl

or
oe

th
an

e 
1,

2-
D

ic
M

ar
oe

th
en

a 
Ito

ta
B

 
M

e
th

yl
o

w
 c

hl
or

id
e 

1
 ric

hl
or

oe
th

an
e 

B
er

vf
lb

m
 

A
rs

en
ic

 
B

a
rL

m
 

B
en

ze
ne

 
C

ad
m

iu
m

 
C

op
pe

r 
2,

dD
hn

et
hy

lp
ha

no
l 

H
ax

ac
hb

ro
bs

nz
en

e 
H

ex
ec

hl
w

ob
ut

ed
im

na
 

H
ex

ae
hl

or
oe

th
an

o 
ls

s
d
 

4-
M

et
hy

lp
he

no
l 

V
an

ad
iiu

m
 

V
in

yl
 c

hl
or

id
e 

S
U

M
 H

a
z

rd
 In

de
xl

lL
C

A
 

N
O

TE
S:

 
N

 A
 

N
D

 
Iw

a
 

IL
C

R
 

O
ra

l R
ID

 
O

ra
l S

F 
U

se
d 

U
se

d 
(m

g
/k

g
4

a
yl

 
(m

u
lk

a
d

a
~

)-
l 

P
ot

en
tia

l F
ut

ur
e 

R
es

id
en

t a
du

lt 
H

az
ar

d 
Q

uo
tie

nt
 

R
es

ld
en

t c
M

td
 

R
es

id
en

t I
w

a
 

H
az

ar
d 

Q
uo

tie
nt

 

N
o

t a
va

ila
bt

a 
N

o
t D

a
te

rm
id

 du
e 

to
 la

ck
 o

f 
av

ai
la

bl
e 

in
fo

rm
at

io
n 

lif
et

im
e 

w
.ig

ht
ed

 
ov

er
ag

e;
 u

se
d 

to
 c

al
cu

la
te

 e
xc

es
s 

ca
rc

in
o
g
e
n
ic

 r
is

k 
de

riv
ed

 fr
om

 R
A

G
S

 P
ar

t A
 

In
cr

em
en

ta
l U

fe
tim

e 
ex

ce
ss

 C
an

ce
r 

R
is

k 

P
ot

en
tia

l -
re

 
P

ot
en

tia
l F

ut
ur

e 
W

or
ke

r 
a&
& 

W
or

ke
r 

ad
ul

t 
H

az
ar

d 
Q

uo
tie

nt
 

tL
C

R
 



T
ab

la
 6

.2
.1

.5
8 

H
az

ar
d 

Q
uo

tie
nt

s 
an

d 
In

cr
em

en
ta

l L
ife

tim
e
 C

an
ce

r 
R

is
ks

 

In
ha

la
tio

n 
of

 C
on

ta
m

in
an

ts
 V

ol
at

H
i2

ad
 tm

m
 S

ha
llo

w
 G

ro
un

dw
st

or
 - S

ec
on

d 
Q

ua
rte

r 
S

W
M

V
 9

 
N

av
al

 h
s

e
 C

ha
rle

st
on

 

C
ha

rle
st

on
. S

C
 

C
hl

or
ob

sn
re

ne
 

1
 ,d

D
ic

h
lo

ro
b
o
n
ze

n
r 

1
.2

-O
kM

w
c~

th
m

n
e
 

1.
2-

M
ch

fo
ro

et
he

ne
 

(t
o

ta
ll 

M
.th

y(
on

e 
ch

lo
rid

e 

Tr
ic

hb
or

oe
th

en
a 

L
ry

lM
u
m

 

h
e

r
&

 
B

ar
hr

m
 

B
u

u
m

e
 

C
ad

m
iu

m
 

C
w

w
r 

2
,C

D
in

n
th

yl
p
h
e
n
o
t 

H
ex

ac
hl

or
ob

an
ze

ne
 

H
e

~
c

h
lo

ro
b

u
tr

d
ta

m
 

H
e
u
o

M
o
ro

o
th

rn
e
 

l..d 4
-M

a
h

yf
p

h
m

o
l 

vm
.d

lu
m

 
V
in
d 

ch
lo

rld
e 

In
h
a
l R
fD
 

In
h
a
l S

F 

U
se

d 
U

so
d 

C
he

m
ic

al
 

Im
g
n
tp

d
a
y)

 
(m

g
lk

g
-d

a
yt

l 

S
U

M
 H

az
ar

d 
In

da
x/

lL
C

R
 

N
O

E
S

: 

M
A

 
N

o
l a

vl
ih

b
le

 

N
D

 
N

o
t D

e
tw

m
id

 d
ue

 t
o

 la
ck

 o
f 

ev
rW

aM
e 

in
ta

rm
at

io
n

 

Im
 

W
et

im
a 

w
al

gh
te

d 
av

er
ag

e;
 u

se
d 

to
 c

al
cu

la
te

 e
xc

ea
s 

ca
rc

in
og

en
ic

 ri
sk

 d
er

iv
ed

 fr
o
m

 R
A

G
S

 P
ar

t 
A

 

IL
C

R
 

In
cr

sm
m

tm
l U

k
tt

n
w

 e
xc

es
s 

C
a

m
 R
is

k 
- 

D
af

m
aI

 to
 a

ba
w

be
d 

do
se

 a
dj

us
tm

en
t f

a
ct

o
r 
b
 a

p
p

lW
 t

o
 a

dj
ua

t 
fo

r 
O

ra
l S

F 
a
n
d
 R

fD
 (L

a.
, 

th
e 

o
ra

l R
fD

 is
 b

as
ed

 

o
n

 o
d

 a
b

a
w

p
tk

n
 e

ff
ki

e
n

cy
 w

N
ch

 a
ho

uM
 n
ot
 b

e
 a

pp
H

ed
 t

o
 d

er
m

al
 e

xp
os

um
 a

n
d
 d

er
m

al
 W

t)
 

P
o
te

n
tia

l C
u
n
sn

t 
P

ot
en

tia
l C

ur
re

nt
 

W
or

ke
r 

a
d
u
lt 

W
or

ke
r 

ad
uk

 

H
az

ar
d 

O
u
o
tls

n
t 

IL
C

R
 

P
ot

en
tia

l F
ut

ur
e 

P
ot

an
tia

l F
ut

ur
e 

R
m

id
e
n
t a

d
u
lt 

R
es

id
en

t c
h
ild

 

H
az

ar
d 

Q
uo

tie
nt

 
H

az
ar

d 
Q

uo
tie

nt
 

P
ot

en
tia

l F
ut

ur
e 

R
es

id
en

t I
w

a
 

lL
C

R
 



T
ab

le
 6

.2
.1

.5
9

 
H

az
ar

d 
Q

uo
tie

nt
s 

an
d 

In
cr

em
en

ta
l L

ife
tim

e
 C

an
ce

r 
R

is
ks

 
D

ee
p 

G
ro

un
dw

at
er

 I
ng

es
tio

n 
S

W
M

U
 9

 - 
F

ir
st

 Q
ua

rt
er

 
N

av
al

 B
as

e 
C

ha
rle

st
on

 
C

he
rle

st
on

, 
S

C
 

O
ra

l R
fD

 
O

ra
l S

F 
U

se
d 

Us
ed
 

C
he

m
ic

al
 

(m
gl

kg
-d

ay
) 

{m
g

lk
g

d
a

y)
- 1

 

C
hr

om
iu

m
 (

tr
iv

al
en

t)
 

C
ad

m
iu

m
 

C
ar

bo
n 

di
su

lfi
de

 
C

hl
ar

of
 o
m
 

M
an

ga
m

se
 

T
h

a
lli

u
n

 

P
ot

en
tia

l F
ut

ur
e 

P
ot

en
tia

l F
ut

ur
e 

W
or

ke
r 

ad
 J
t 

W
or

ke
r 

ad
ul

t 
H

az
ar

d 
Q

uo
tie

nt
 

IL
C

R
 

P
ot

en
tia

l F
u

tu
re

 
P

ot
en

tia
l F

ut
ur

e 
R

es
id

en
t a

du
lt 

R
es

id
en

t c
h

ild
 

H
az

ar
d 

Q
uo

tie
nt

 
H

az
ar

d 
Q

uo
tie

nt
 

S
U

M
 H

az
ar

d 
In

de
xn

LC
R

 
5 
9
 

1
3

8
 

2 
E

-0
7 

21
 

7 €
4

8
 

P
ot

en
tia

l F
ut

ur
e 

R
es

id
en

t I
w

a
 

IL
C

R
 

N
O

TE
S:

 
N

A
 

N
o

t a
va

ila
bl

e 
N

D
 

N
o

t 
D

et
er

m
in

ed
 d

ue
 t

o
 la

ck
 o

f 
av

ai
la

bl
e 

in
fo

rm
at

io
n 

Iw
a

 
lif

e
ti

m
e

 w
ei

gh
te

d 
av

er
ag

e;
 u

se
d 

to
 c

al
cu

la
te

 e
xc

es
s 

ca
rc

in
og

en
ic

 r
is

k 
de

riv
ed

 f
ro

m
 R

A
G

S
 P

ar
t A

 
IL

C
R

 
In

cr
em

en
ta

l L
ife

tim
e 

ex
ce

ss
 C

an
ce

r 
R

is
k 



T
ab

le
 6

.2
.1

.6
0
 

H
az

ar
d 

O
uo

tie
nt

s 
an

d 
in

cr
em

en
ta

l L
ife

tim
e 

C
an

ce
r 

R
is

ks
 

In
ha

la
tio

n 
o

f 
C

on
ta

m
in

an
ts

 V
ol

at
ili

ze
d 

fr
o

m
 D

ee
p 

G
ro

un
dw

at
er

 
S

W
M

U
 9

 - F
ir

st
 Q

ua
rt

er
 

N
av

al
 B

as
e 

C
ha

rl
es

to
n 

C
ha

rle
st

on
. 

S
C

 

C
hr

am
iu

m
 (

tr
iv

al
en

t1
 

C
ad

m
iu

m
 

C
ar

bo
n 

di
su

lfi
de

 
C

hl
or

of
or

m
 

M
an

ga
ne

se
 

T
ha

lli
um

 

ln
ha

l R
fD

 
ln

ha
l S

F 
U

se
d 

U
se

d 
C

he
m

ic
al

 
(m

gl
kg

-d
ay

) 
(m

g
/k

g
d

a
y)

-1
 

S
U

M
 H

az
ar

d 
In

ds
xl

lL
C

R
 

0
.6

 
1
 

3
E

-0
6

 
0
.2

 
9E

-0
7 

N
O

TE
S

: 
N

A
 

N
o

t a
va

ila
bl

e 
N

D
 

N
o

t D
et

er
m

in
ed

 d
ue

 t
o

 la
ck

 o
f 

av
ai

la
bl

e 
in

fo
rm

a
tio

n
 

Iw
a

 
lif

et
im

e 
w

ei
gh

te
d 

av
er

ag
e;

 w
e

d
 to

 c
al

cu
la

te
 e

xc
es

s 
ca

rc
in

og
en

ic
 r

is
k 

de
riv

ed
 f

ro
m

 R
A

G
S

 P
ar

t A
 

IL
C

A
 

In
cr

em
en

ta
l L

ife
tim

e 
ex

ce
ss

 C
an

ce
r 

R
is

k 
- 

D
er

m
al

 to
 a

bs
or

be
d 

do
se

 a
dj

us
tm

en
t 

fa
ct

o
r 

is
 a

pp
lie

d 
to

 a
dj

us
t 

fo
r 

O
ra

l S
F 

an
d 

R
fD

 (i
.e

., 
th

e
 o

ra
l R

fD
 is

 b
as

ed
 

on
 o

ra
l a

bs
or

pt
io

n 
sf

fic
ie

n
cy

 w
h

ic
h

 s
ho

ul
d 

n
o

t b
a 

ap
pl

ie
d 

to
 d

er
m

al
 e

xp
os

ur
e 

an
d 

de
rm

al
 C

D
II

 

P
ot

en
tia

l C
ur

ra
nt

 
P

ot
en

tia
l C

ur
re

nt
 

W
or

ke
r 

a
d
u
lt 

W
or

ke
r 

a
d

u
lt 

H
az

ar
d 

Q
uo

tie
nt

 
ltC

R
 

P
ot

en
tia

l F
ut

ur
e 

P
ot

en
tia

l F
ut

ur
e 

R
es

id
en

t a
du

lt 
R

es
id

en
t c

hi
ld

 
H

az
ar

d 
Q

uo
tie

nt
 

H
az

ar
d 

Q
uo

tie
nt

 

P
ot

en
tia

l 
F

ut
ur

e 
R

es
id

en
t I

w
a

 
IL

C
R

 



T
ab

le
 6

.2
.1

.6
1
 

H
az

ar
d 

Q
uo

tie
nt

s 
an

d 
In

cr
em

en
ta

l L
ife

tim
e 

C
an

ce
r 

R
is

ks
 

D
ee

p 
G

ro
un

dw
at

er
 I

ng
es

tio
n 

S
W

M
U

 9
 - S

ec
on

d 
O

ua
rt

er
 

N
av

al
 B

as
e 

C
ha

rle
st

on
 

C
ha

rle
st

on
, 

S
C

 

' P
ot

en
tie

l F
ut

ur
e 

P
ot

en
tia

l F
ut

ur
e 

W
or

ke
r 

ad
ul

t 
W

or
ke

r 
ad

ul
t 

H
az

ar
d 

Q
uo

tie
nt

 
IL

C
R

 

O
ra

l R
fO

 
O

ra
l S

F 
U

se
d 

U
se

d 
C

he
m

ic
al

 
(m

gl
kg

-d
ay

) 
(r

ng
1k

gd
ay

)-
 1 

C
ad

m
iu

m
 

0
.0

0
0
5
 

N
D

 
M

an
ga

ne
se

 
0
.0

0
5
 

N
D

 

S
U

M
 H

az
ar

d 
In

de
xA

LC
R

 
7
 

1
7

 
N

A
 

3
 

N
 A

 

N
O

TE
S

: 
N

A
 

N
o

t a
va

ila
bl

e 
N

D
 

N
o

t 
D

et
er

m
in

ed
 d

ue
 t

o
 la

ck
 o

f 
av

ai
la

bl
e 

in
fo

rm
at

io
n 

Iw
a

 
lif

e
tim

e
 w

ei
gh

te
d 

av
er

ag
e;

 u
se

d 
to

 c
al

cu
la

te
 e

xc
es

s 
ca

rc
in

og
en

ic
 r

is
k 

de
riv

ed
 fr

o
m

 R
A

G
S

 P
ar

t A
 

P
ot

en
tia

l F
ut

ur
e 

P
ot

en
tia

l F
ut

ur
e 

R
es

id
en

t a
d

u
lt

 
R

es
id

en
t c

hi
ld

 
H

az
ar

d 
Q

uo
tie

nt
 

H
az

ar
d 

Q
uo

tie
nt

 

IL
C

R
 

In
cr

em
en

ta
l L

ife
tim

e 
ex

ce
ss

 C
an

ce
r 

R
is

k 
I 

P
ot

en
tia

l F
ut

ur
e 

R
ss

M
en

t I
w

a
 

IL
C

R
 

0
.1

7
5

3
4

 
0
.4

0
9
1
 3
 

N
A

 
6
.9

5
8
9
0
 

1
6

.2
3

7
4

4
 

N
A

 



T
ab

le
 6

.2
.1

.6
2 

Lo
ca

tio
n-

S
pe

ci
fic

 A
na

ly
si

s 
o
f 

C
O

P
C

s 
D

et
ec

te
d 

in
 S

W
M

U
 9

 G
ro

un
dw

at
er

 
W

it
h

 C
or

re
sp

on
di

ng
 H

az
ar

d 
Q

uo
tie

nt
 a

nd
 R

is
k 

E
st

im
at

es
 

N
av

al
 B

as
e 

C
ha

rle
st

on
 

C
ha

rle
st

on
, 

S
C

 

S
IT

E
T
A

G
 

M
E

D
IA

 
P

A
R

A
M

E
TE

R
 

Q
U

A
R

TE
R

 
R

E
S

U
LT

 I 
Q

 
U

N
IT

S
 

H
Q

 (c
h
ild

) 
IL

C
R

 (
Iw

a)
 

0
0
9
G

W
0
2
D

 
G

D
 

M
an

ga
ne

se
 

00
9G

W
02

D
 

G
D

 
M

an
ga

ne
se

 

00
9G

W
03

D
 

G
D

 
A

rs
en

ic
 

00
9G

W
03

D
 

O
D

 
Le

ad
 

0
0
9
G

W
0
3
D

 
O
D
 

M
an

ga
ne

se
 

0
0
9
G

W
0
3
D

 
G

D
 

B
ar

iu
m

 
0
0
9
G

W
0
3
D

 
G

D
 

V
an

ad
iu

m
 

0
0
9
G

W
0
3
D

 
G

O
 

M
an

ga
ne

se
 

0
0
9
G

W
0
3
D

 
G

D
 

C
ad

m
iu

m
 

A
rs

en
ic

 

Le
ad

 
M

an
ga

ne
se

 
T

ha
lli

um
 

B
ar

iu
m

 
V

an
ad

iu
m

 
C

ar
bo

n 
d
is

u
lfi

d
e
 

M
an

ga
ne

se
 

C
ad

m
iu

m
 

7
3
.3

0
0
0
 

U
G

lL
 

1
8
4
.0

0
0
0
 

U
G

IL
 

4
.0

0
0

0
 

J
 

U
G

lL
 

8
.9

0
0
0
 
J
 

U
G

IL
 

8
0
5
.0

0
0
0
 

U
G

IL
 

1
 7
6

.0
0

0
0

 
U

G
IL

 
5
.8

0
0
0
 

J
 

U
G

IL
 

1
2

2
0

.0
0

0
0

 
U

G
/L

 

2
.6

0
0
0
 

J
 

U
G

IL
 

U
G

IL
 

U
G

A
 

uo
n 

U
G

IL
 

U
G

IL
 

U
G

K
 

U
G

IL
 

U
G

A
 

U
G

IL
 

0
0
9
G

W
0
5
D

 
G

D
 

M
an

ga
ne

se
 

0 
1 

9
4

.0
0

0
0

 
U

G
lL

 
1

.2
0

 



T
ab

le
 8

.2
.1

.6
2 

Lo
ca

tio
n-

S
pe

ci
fic

 A
na

ly
si

s 
o

f 
C

O
P

C
s 

D
et

ec
te

d 
in

 S
W

M
U

 9
 G

ro
un

dw
at

er
 

W
ith

 C
or

re
sp

on
di

ng
 H

az
ar

d 
Q

uo
tie

nt
 a

nd
 R

is
k 

E
st

im
at

es
 

N
av

al
 B

as
e 

C
ha

rle
st

on
 

C
ha

rle
st

on
, 

S
C

 

S
IT

E
T

A
G

 
M

E
D

IA
 

P
A

R
A

M
E

TE
R

 
Q

U
A

R
TE

R
 

R
E

S
U

LT
 

Q
 

U
N

IT
S

 
H

O
 f

ch
ild

) 
IL

C
R

 (
lw

a)
 

00
9G

W
05

D
 

G
D

 
M

an
ga

ne
se

 
0
2
 

25
 2

 .W
O

O
 

U
G

IL
 

00
9G

W
06

D
 

G
D

 
C

hl
or

of
or

m
 

00
9G

W
06

D
 

G
D

 
M

an
ga

ne
se

 
00

9G
W

O
B

D
 

G
D

 
B

ar
iu

m
 

00
9G

W
O

6D
 

G
O

 
A

rs
en

ic
 

0
0

9
G

W
0

6
0

 
G

O
 

M
an

ga
ne

se
 

00
9G

W
O

60
 

O
D

 
C

ad
m

iu
m

 

00
9G

W
07

D
 

G
O

 
A

rs
en

ic
 

00
9G

W
07

D
 

G
D

 
Le

ad
 

00
9G

W
07

D
 

G
D

 
M

an
ga

ne
se

 
00

9G
W

07
D

 
G

O
 

B
ar

iu
m

 
00

9G
W

07
D

 
G

D
 

V
an

ad
iu

m
 

0
0

9
G

W
0

7
0

 
G

O
 

M
an

ga
ne

se
 

00
9G

W
08

D
 

G
D

 
M

an
ga

ne
se

 

00
9G

W
08

D
 

G
D

 
M

an
ga

ne
se

 

00
9G

W
12

D
 

O
D

 
A

rs
en

ic
 

0
0

9
G

W
1

2
0

 
G

D
 

Le
ad

 
00

9G
W

12
D

 
G

D
 

M
an

ga
ne

se
 

2.
40

00
 

J
 

U
G

lL
 

1
3

9
.0

0
0

0
 

J
 

U
G

lL
 

7
5

.5
0

0
0

 
J
 

U
G

lL
 

4.
10

00
 

J
 

U
G

IL
 

2
7

8
.0

0
0

0
 

U
G

lt
 

3.
20

00
 

J 
U

G
R

 

4.
80

00
 

J
 

U
G

IL
 

4.
60

00
 

J 
uo

n 
7

5
5

.0
0

0
0

 
U

G
lL

 
6
8
.6

0
0
0
 

J
 

U
G

/L
 

4.
50

00
 

J 
U

G
IL

 
1

2
7

0
.0

0
0

0
 

U
G

lL
 

2
1

 1
.0

0
0

0
 

J 
U

G
IL

 
3
2
 1
.0

0
0
0
 

U
G

/L
 

2
.3

0
0
0
 

3 
U

G
R

 
2
.2

0
0
0
 
.I 

U
G

IL
 

7
1

 9
.0

0
0

0
 

U
G

IL
 



T
ab

le
 6

.2
.1

.6
2 

Lo
ca

tio
n-

S
pe

ci
fic

 A
na

ly
si

s 
of

 C
O

P
C

s 
D

et
ec

te
d 

in
 S

W
M

U
 9

 G
ro

un
dw

at
er

 
W

ith
 C

or
re

sp
on

di
ng

 H
az

ar
d 

Q
uo

tie
nt

 a
nd

 R
is

k 
E

st
im

at
es

 
N

av
el

 B
as

e 
C

ha
rle

st
on

 

C
ha

rle
st

on
, 

S
C

 

S
IT

E
T

A
G

 
M

E
D

IA
 

P
A

R
A

M
E

TE
R

 
Q

U
A

R
TE

R
 

R
E

S
U

LT
 

Q
 

U
N

IT
S

 

00
9G

W
12

D
 

O
D

 
B

ar
iu

m
 

00
9G

W
12

D
 

G
D

 
C

ad
m

iu
m

 

00
9G

W
12

D
 

G
D

 
V

an
ad

iu
m

 

0
0

9
G

W
1

2
D

 
G

D
 

M
an

ga
ne

se
 

B
en

zi
di

ne
 

B
en

ze
ne

 
1,

4-
D

ic
ht

or
ob

en
ze

ne
 

C
hl

or
ob

en
ze

ne
 

M
an

ga
ne

se
 

T
ha

lli
um

 

C
op

pe
r 

V
an

ad
iu

m
 

B
en

ze
ne

 
C

hl
or

ob
en

ze
ne

 

M
an

ga
ne

se
 

B
ar

iu
m

 

0
0

9
G

W
0

0
1

 
G

S
 

E
th

yl
be

nz
en

e 
0

0
9

G
W

0
0

1
 

G
S

 
A

rs
en

ic
 

0
0

9
G

W
0

0
1

 
G

S
 

B
en

ze
ne

 

0
0

9
G

W
0

0
1

 
G

S
 

2,
Q

D
im

et
hy

lp
he

no
l 

5
9

.6
0

0
0

 
J
 

U
G

lL
 

2
.2

0
0
0
 

J
 

U
G

lL
 

8.
20

00
 

J
 

U
G

IL
 

9
9

0
.0

0
0

0
 

U
G

lL
 

U
G

A
 

U
G

IL
 

U
G

IL
 

U
G

/L
 

U
G

IL
 

U
G

/L
 

U
G

IL
 

U
G

lL
 

U
G

tL
 

U
G

k
 

U
G

IL
 

U
G

IL
 

1
5

0
.0

0
0

0
 

J
 

U
G

IL
 

1
.8

0
0

0
 

J
 

U
G

IL
 

1 
.a

0
0
0
 

J
 

U
G

lL
 

5
8

.0
0

0
0

 
U

G
IL

 

H
Q

 (
ch

ild
) 

IL
CR

 I
lw

a
) 



Ta
bl

e 
6.

2.
1.

62
 

Lo
ca

tio
n-

S
pe

ci
fic

 A
na

ly
si

s 
of

 C
O

P
C

s 
D

et
ec

te
d 

in
 S

W
M

U
 9

 G
ro

un
dw

at
er

 
W

it
h

 C
or

re
sp

on
di

ng
 H

az
ar

d 
Q

uo
tie

nt
 a

nd
 R

is
k 

E
st

im
at

es
 

N
av

al
 B

as
e 

C
ha

rl
es

to
n 

C
ha

rl
es

to
n,

 S
C

 

S
IT

E
TA

G
 

M
E

D
IA

 
P

A
R

A
M

E
TE

R
 

Q
U

A
R

TE
R

 
R

E
S

U
LT

 
Q

 
U

N
IT

S
 

4-
M

et
h

yl
p

h
en

o
l 

Le
ad

 
M

an
g

an
es

e 
B

ar
iu

m
 

2-
M

et
h

yl
p

h
en

o
l 

E
th

yl
be

nz
en

e 
2,

C
D

im
et

h
yl

p
h

en
o

l 
Le

ad
 

M
an

g
an

es
e 

B
ar

iu
m

 
C

op
pe

r 
2-

M
et

h
yl

p
h

en
o

l 

00
9G

W
00

2 
G

S
 

2,
3,

7,
8-

T
C

D
D

 e
qu

iv
al

en
ts

 
0
1
 

00
9G

W
00

2 
G

S
 

A
rs

en
ic

 
0
 1 

00
9G

W
00

2 
G

S
 

M
an

g
an

es
a 

01
 

00
9G

W
00

2 
G

S
 

M
an

g
an

es
e 

02
 

00
9G

W
00

3 
G

S
 

A
rs

en
ic

 
0
 1 

00
9G

W
00

3 
G

S
 

E
th

yl
be

nz
en

e 
0
 1 

00
9G

W
00

3 
G

S
 

B
en

ze
ne

 
0
 1 

00
9G

W
00

3 
G

S
 

2,
C

D
im

et
h

yl
p

h
en

o
l 

0
1

 

U
G

/L
 

U
G

lL
 

U
G

/L
 

U
G

/L
 

U
G

IL
 

U
G

A
 

U
G

IL
 

U
G

/L
 

U
G

IL
 

U
G

/t
 

U
G

/L
 

U
G

 JL
 

2.
79

00
 

P
G

lL
 

1.
40

00
 

J
 

U
G

A
 

1
2

2
0

.0
0

0
0

 
U

G
/L

 
19

90
.0

00
0 

U
G

/L
 

10
.5

00
0 

U
G

/L
 

3.
20
00
 

J 
U

G
IL

 
1
.9

0
0
0
 

J 
U

G
JL

 
18

.0
00

0 
U

G
IL

 

H
Q

 (
ch

ild
) 

IL
C

R
 (

Iw
a)

 



T
ab

le
 6

.2
.1

.6
2 

Lo
ca

tio
n-

S
pe

ci
fic

 A
na

ly
si

s 
o

f 
C

O
P

C
s 

D
et

ec
te

d 
in

 S
W

M
U

 9
 G

ro
un

dw
at

er
 

W
ith

 C
or

re
sp

on
di

ng
 H

az
ar

d 
Q

uo
tie

nt
 a

nd
 R

is
k 

E
st

im
at

es
 

N
av

al
 B

as
e 

C
ha

rle
st

on
 

C
ha

rle
st

on
, 

S
C

 

S
IT

E
T

A
G

 
M

E
D

IA
 

P
A

R
A

M
E

T
E

R
 

Q
U

A
R

T
E

R
 

R
E

S
U

LT
 

Q
 

U
N

IT
S

 

Le
ad

 
M

an
ga

ne
se

 

T
ha

lli
um

 
B

ar
iu

m
 

V
an

ad
iu

m
 

2-
M

et
hy

lp
he

no
l 

A
rs

en
ic

 
2,

4-
D

im
et

hy
lp

he
no

l 
M

an
ga

ne
se

 
B

ar
iu

m
 

2-
M

et
hy

lp
he

no
l 

00
9G

W
00

4 
G

S
 

2,
3,

7,
0-

T
C

D
D

 
eq

ui
va

le
nt

s 
0
1
 

00
9G

W
00

4 
G

S
 

A
rs

en
ic

 
0
 1 

00
9G

W
00

4 
G

S
 

Le
ad

 
0
 1
 

00
9G

W
00

4 
G

S
 

M
an

ga
ne

se
 

0
 1 

00
9G

W
00

4 
G

S
 

B
ar

iu
m

 
0
 1

 
00

9G
W

00
4 

G
S

 
C

ar
bo

n 
di

su
lfi

ds
 

0
 1

 

00
9G

W
00

4 
G

S
 

M
an

ga
ne

se
 

0
2

 

00
9G

W
00

5 
G

S
 

2,
3,

7,
8-

TC
D

D
 

eq
ui

va
le

nt
s 

0
 1 

00
9G

W
00

5 
G

S
 

A
rs

en
ic

 
01

 

U
G

lL
 

U
G

IL
 

U
G

R
 

U
G

IL
 

U
G

A
 

U
G

A
 

U
G

IL
 

U
G

A
 

U
G

IL
 

U
G

lL
 

U
G

IL
 

1.
68

57
 

P
G

/L
 

2.
20

00
 

'J
 

U
G

A
 

9
.0

0
0
0
 

J
 

U
G

IL
 

1
8

4
.0

0
0

0
 

U
O

IL
 

1
0

7
.0

0
0

0
 

U
G

IL
 

8
0

.6
0

0
0

 
U

G
IL

 

32
8.
00
00
 

U
G

IL
 

2.
61

82
 

P
G

IL
 

4
.8

0
0

0
 

J
 

U
G

IL
 



Ta
bl

e 
6.

2.
1.

62
 

Lo
ca

tio
n-

S
pe

ci
fic

 A
na

ly
si

s 
of

 C
O

P
C

s 
D

et
ec

te
d 

in
 S

W
M

U
 9

 G
ro

un
dw

at
er

 
W

it
h

 C
or

re
sp

on
di

ng
 H

az
ar

d 
Q

uo
tie

nt
 a

nd
 R

is
k 

E
st

im
at

es
 

N
av

al
 B

as
e 

C
ha

rl
es

to
n 

C
ha

rl
es

to
n,

 S
C

 

S
IT

E
TA

G
 

M
E

D
IA

 
P

A
R

A
M

E
TE

R
 

Q
U

A
R

TE
R

 

00
9G

W
00

5 
G

S
 

M
an

ga
ne

se
 

00
9G

W
00

5 
G

S
 

B
ar

tu
rn

 
0

0
9

G
W

0
0

5
 

G
S

 
C

ar
bo

n 
di

su
lfi

de
 

00
9G

W
00

5 
G

S
 

A
rs

en
ic

 
0

0
9

G
W

0
0

5
 

G
S

 
M

an
ga

ne
se

 

M
an

ga
ne

se
 

B
ar

iu
m

 
V

an
ad

iu
m

 
H

ex
ac

h
lo

ro
kn

ze
n

e 
A

rs
en

ic
 

H
ex

ac
hl

or
ob

ut
ad

ie
ne

 
H

ex
ac

hl
or

oe
th

an
e 

C
hl

or
ob

en
ze

ne
 

M
an

ga
ne

se
 

C
op

pe
r 

V
an

ad
iu

m
 

00
9G

W
00

7 
G

S
 

V
in

yl
 c

hl
or

id
e 

01
 

00
9G

W
00

7 
G

S
 

b
is

(2
-6

h
lo

ro
et

h
yl

)e
th

er
 

0
1
 

00
9G

W
00

7 
G

S
 

E
th

yl
be

nz
en

e 
0 

1 
D

09
G

W
00

7 
G

S
 

1,
2-

D
ic

hl
or

oe
th

an
e 

0
 1 

R
E

S
U

LT
 

Q
 

U
N

IT
S

 

1
0

4
.0

0
0

0
 

U
G

lL
 

43
.6

00
0 

J 
U

G
/L

 
21
 .
l
o
0
0
 

U
G

lL
 

4
.1

0
0

0
 

J 
U

G
lL

 
1
3
0
.0

0
0
0
 

U
G

/L
 

5
6
.7

0
0
0
 

J 
U

G
/L

 
6

0
.9

0
0

0
 

J 
U

G
lL

 
1
0
1
.0

0
0
0
 

U
G

A
 

74
.0

00
0 

U
G

/L
 

3
.8

0
0

0
 

J 
U

G
/L

 
2

.8
0

0
0

 
J 

U
G

R
 

j2
.7

0
0

0
 

J 
U

G
R

 
2
.1

0
0
0
 

J
 

U
G

lL
 

17
8.
00
00
 

U
G

lL
 

1
5

4
.0

0
0

0
 

U
G

/L
 

6
#
.9

0
0
0
 

U
G

lL
 

7
2

0
.0

0
0

0
 

U
G

lL
 

1
4

0
.0

0
0

0
 

J 
U

G
IL

 
9
9
.0

0
0
0
 

J
 

U
G

IL
 

5
9

.0
0

0
0

 
U

G
/L

 



T
ab

le
 6

.2
.1

.6
2 

Lo
ca

tio
n-

S
pe

ci
fic

 A
na

ly
si

s 
o
f 

C
O

P
C

s 
D

et
ec

te
d 

in
 S

W
M

U
 9

 G
ro

un
dw

at
er

 
W

ith
 C

or
re

sp
on

di
ng

 H
az

ar
d 

Q
uo

tie
nt

 a
nd

 R
is

k 
E

st
im

at
es

 
N

av
al

 B
as

e 
C

ha
rl

es
to

n 
C

ha
rle

st
on

, 
S

C
 

S
IT

E
T

A
G

 
M

E
D

IA
 

P
A

R
A

M
E

T
E

R
 

Q
U

A
R

TE
R

 
R

E
S

U
LT

 
Q

 
U

N
IT

S
 

A
rs

en
ic

 
B

en
ze

ne
 

2,
4-

D
im

et
hy

lp
he

no
l 

4-
M

et
hy

lp
he

no
l 

C
hl

or
ob

en
ze

ne
 

1,
2-

D
ic

hl
or

oe
th

en
e 

(t
ot

al
) 

Le
ad

 
M

an
ga

ne
se

 
B

ar
iu

m
 

V
an

ad
iu

m
 

2-
M

et
hy

lp
he

no
l 

V
in

yl
 c

hl
or

id
e 

E
th

yl
 be

nz
en

e 
1.

2-
D

ic
hl

or
oe

th
an

e 
8e

ry
lli

um
 

M
et

hy
le

ne
 c

hl
or

id
e 

B
en

ze
ne

 
T

ric
hl

or
oe

th
en

e 

2,
4-

D
im

et
hy

lp
he

no
l 

4-
M

et
hy

lp
he

no
l 

C
 h

lo
ro

be
nz

en
e 

1,
2-

D
lc

hl
or

oe
th

en
e 

(t
ot

al
) 

U
G

fL
 

U
G

R
 

U
G

/L
 

U
G

lL
 

U
G

lL
 

U
G

lL
 

U
G

lL
 

U
G

fL
 

U
G

lL
 

U
G

lL
 

U
G

lL
 

U
G

lL
 

U
G

IL
 

U
G

lL
 

U
G

IL
 

U
G

lL
 

U
G

lL
 

U
G

IL
 

U
G

lL
 

U
G

IL
 

U
G

IL
 

U
G

/L
 



T
ab

le
 6

.2
.1

.6
2 

Lo
ca

tio
n-

S
pe

ci
fic

 A
na

ly
si

s 
o
f 

C
O

P
C

s 
D

et
ec

te
d 

in
 S

W
M

U
 9

 G
ro

un
dw

at
er

 
W

ith
 C

or
re

sp
on

di
ng

 H
az

ar
d 

Q
uo

tie
nt

 a
nd

 R
is

k 
E

st
im

at
es

 
N

av
al

 B
as

e 
C

ha
rle

st
on

 

C
ha

rle
st

on
, 

S
C

 

S
IT

E
TA

G
 

M
E

D
IA

 
P

A
R

A
M

E
T

E
R

 
Q

U
A

R
T

E
R

 
R

E
S

U
LT

 
Q

 
U

N
IT

S
 

0
0

9
G

W
0

0
7

 
G

S
 

M
an

ga
na

se
 

00
9G

W
00

7 
G

S
 

B
ar

iu
m

 
00

9G
W

00
7 

G
S

 
2-

M
et

hy
lp

he
no

l 

M
an

ga
ne

se
 

B
ar

iu
m

 
A

rs
en

ic
 

M
an

ga
ne

se
 

B
ar

iu
m

 

A
rs

en
ic

 

B
en

ze
ne

 
Le

ad
 

M
an

ga
ne

se
 

T
ha

lli
um

 

B
ar

iu
m

 
V

an
ad

iu
m

 

A
rs

en
ic

 

B
en

ze
ne

 

Le
ad

 
M

an
ga

ne
se

 

49
2.

66
67

 
J
 

U
G

IL
 

4
0
7
.0

0
0
0
 

3 
U

G
lL

 
4
2
.0

0
0
0
 

J
 

U
G

IL
 

1
1

9
0

.0
0

0
0

 
J
 

U
G

IL
 

24
8.

00
0Q

 
U

G
lL

 
75

.0
00

0 
U

G
IL

 
36

6.
00

00
 

U
G

lL
 

4
8
0
.0

0
0
0
 

U
G

IL
 

U
G

IL
 

U
G

lL
 

vo
n

 
U

G
IL

 
U

G
lL

 

U
G
R
 

U
G

IL
 

U
G

IL
 

U
G

IL
 

U
G

lL
 

U
G

/L
 

H
Q

 (
ch

ild
) 

IL
C

R
 (

Iw
a)

 



Ta
bl

e 
6.

2.
1.

62
 

Lo
ca

tio
n-

S
pe

ci
fic

 A
na

ly
si

s 
o

f 
C

O
P

C
s 

D
et

ec
te

d 
in

 S
W

M
U

 9
 G

ro
u

n
d

w
at

er
 

W
it

h
 C

or
re

sp
on

di
ng

 H
az

ar
d

 Q
u

o
tie

n
t a

nd
 R

is
k 

E
st

im
at

es
 

N
av

al
 B

as
e 

C
ha

rl
es

to
n 

C
ha

rl
es

to
n,

 S
C

 

S
IT

E
T

A
G

 
M

E
D

IA
 

P
A

R
A

M
E

TE
R

 
Q

U
A

R
TE

R
 

E
th

yl
be

nz
en

e 
B

en
ze

ne
 

1,
4-

D
ic

hl
or

ob
en

ze
ne

 

B
E

H
P

 
C

 h
lo

ro
be

nz
en

e 
M

an
g

an
es

e 
V

an
ad

iu
m

 
E

th
yl

be
nz

en
e 

B
en

ze
ne

 
1,

4-
D

ic
hl

or
ob

en
ze

ne
 

C
hl

or
ob

en
ze

ne
 

L
ea

d
 

M
an

g
an

es
e 

B
ar

iu
m

 

0
0

9
G

W
0

1
1

 
G

S
 

M
an

g
an

es
e 

0
0

9
G

W
0

1
1

 
G

S
 

V
an

ad
iu

m
 

0
0

9
G

W
0

1
1

 
G

S
 

A
rs

en
ic

 
0

0
9

G
W

0
1

1
 

G
S

 
M

an
g

an
es

e 

0
0

9
G

W
0

1
2

 
G

S
 

B
en

ze
ne

 
0

0
9

G
W

0
1

2
 

G
S

 
C

hl
or

ob
en

ze
ns

 

R
E

S
U

LT
 

Q
 

U
N

IT
S

 
H

Q
 Ic

h
ild

) 
IL

C
R

 {
lw

a)
 

U
G

fL
 

U
G

/L
 

.I 
U

G
/L

 
J
 

U
G

/L
 

U
G

/L
 

U
G

JL
 

J 
U

G
JL

 
U

G
IL

 
U

G
IL

 
5 

U
G

IL
 

J 
U

G
JL

 
5 

U
G

/L
 

U
G

/L
 

J
 

U
G

fL
 

4
7

1
.0

0
0

0
 

U
G

lL
 

3
.3

0
0

0
 

J
 

U
G

/t
 

3
5

.9
0

0
0

 
U

G
R

 
7

0
1

.0
0

0
0

 
U

G
lL

 

2.
60

00
 

J
 

U
G

lL
 

1
4

.0
0

0
0

 
U

G
IL

 



T
ab

le
 6

.2
.1

.6
2 

L
o
ca

tio
n

-S
p
e
ci

fic
 A

na
ly

si
s 

o
f 

C
O

P
C

s 
D

et
ec

te
d 

in
 S

W
M

U
 9

 G
ro

un
dw

at
er

 
W

ith
 C

or
re

sp
on

di
ng

 H
az

ar
d 

Q
u
o
tie

n
t 
an

d 
R

is
k 

E
st

im
at

es
 

N
av

al
 B

as
e 

~
h

a
rl

e
s

to
n

 

C
ha

rle
st

on
, 

S
C

 

S
IT

E
T

A
G

 
M

E
D

IA
 

P
A

R
A

M
E

TE
R

 
Q

U
A

R
T

E
R

 
R

E
S

U
LT

 
Q

 
U

N
IT

S
 

H
Q

 (
ch

ild
) 

IL
C

R
 ll

w
a)

 

00
9G

W
O

12
 

G
S
 

M
an

ga
ne

se
 

0
0

9
G

W
0

1
2

 
G

S
 

B
ar

iu
m

 

0
0

9
G

W
0

1
2

 
G

S
 

A
rs

e
n
ic

 
0

0
9

G
W

0
1

2
 

G
S

 
Le

ad
 

0
0

9
G

W
0

1
2

 
G

S
 

M
an

ga
ne

se
 

00
9G

W
O

12
 

G
S

 
C

ad
m

iu
m

 

A
rs

e
n
ic

 

f ,
4-

D
ic

hl
or

ob
en

ze
ne

 

B
en

ze
ne

 

C
hl

or
ob

en
ze

ne
 

Le
ad

 
M

an
ga

ne
se

 

T
h
a
lli

u
m

 

B
ar

iu
m

 
V

an
ad

iu
m

 

1,
4-

D
ic

hl
or

ob
en

ze
ne

 

B
en

ze
ne

 

C
hl

or
o b

en
ze

ne
 

Le
ad

 

M
an

ga
ne

se
 

B
ar

iu
m

 

1
7

0
0

.0
0

0
0

 
U

G
IL

 

9
2
.3

0
0
0
 

J
 

U
G

lL
 

2
2
.6

0
0
0
 

U
G

/L
 

5
.4

0
0
0
 

U
G

/l
 

1
8

5
0

.0
0

0
0

 
U

G
lL

 

1
.6

0
0

0
 

J
 

U
G

/L
 

U
G

lL
 

U
G

/L
 

U
G

IL
 

U
G

lL
 

U
G

R
 

U
G

/L
 

U
G

lL
 

U
G

IL
 

U
G

lL
 

U
G

IL
 

U
G

/L
 

U
G

IL
 

U
G

lL
 

U
G

IL
 

U
G

IL
 



T
ab

le
 6

.2
.1

 -
6

2
 

Lo
ca

tio
n-

S
pe

ci
fic

 A
n
a
ly

si
s 

o
f 

C
O

P
C

s 
D

et
ec

te
d 

in
 S

W
M

U
 9

 G
ro

u
n
d
w

a
te

r 
W

ith
 C

or
re

sp
on

di
ng

 H
az

ar
d 

Q
uo

tie
nt

 a
nd

 R
is

k 
E

st
im

at
es

 
N

av
al

 B
as

e 
C

ha
rle

st
on

 
C

ha
rle

st
on

, 
S

C
 

S
IT

E
T

A
G

 
M

E
D

IA
 

P
A

R
A

M
E

TE
R

 
Q

U
A

R
TE

R
 

R
E

S
U

LT
 

Q
 

U
N

IT
S

 

0
0

9
G

W
0

1
3

 
G

S
 

C
ad

m
iu

m
 

0
2

 
1

.7
0

0
0

 
J
 

U
G

IL
 

B
en

ze
ne

 

1,
4-

D
ic

hl
or

ob
en

ze
ne

 
C

 hf
or

ob
en

ze
ne

 
M

an
ga

ne
se

 

B
ar

iu
m

 
A

rs
e
n
ic

 

B
en

ze
ne

 
C

hl
or

ob
en

ze
ne

 
Le

ad
 

M
an

ga
ne

se
 

B
ar

iu
m

 
C

ad
m

iu
m

 

0
0

9
G

W
0

1
5

 
G

S
 

M
an

ga
ne

se
 

0
0

9
G

W
0

1
5

 
G

S
 

B
ar

iu
m

 

0
0

9
G

W
0

1
5

 
G

S
 

A
rs

e
n
ic

 

0
0
9
G

W
0

1
5

 
G

S
 

Le
ad

 
0

0
9

G
W

0
1

5
 

G
S

 
M

an
ga

ne
se

 
0

0
9

G
W

0
1

5
 

G
S

 
B

a
riu

m
 

00
9G

W
O

15
 

G
S

 
C

ad
m

iu
m

 

U
G

IL
 

J
 

U
G

IL
 

U
G

/L
 

U
G

IL
 

U
G

IL
 

U
G

IL
 

J
 

U
G

IL
 

U
G

lL
 

J
 

U
G

IL
 

U
G

IL
 

U
G

IL
 

J
 

U
G

IL
 

1
2
3
0
.0

0
0
0
 

1 
U

G
IL

 
4

0
9

.0
0

0
0

 
U

G
lL

 
7.
30
00
 
.I 

U
G

IL
 

4
.2

0
0

0
 

J
 

U
G

A
 

5
4

1
.0

0
0

0
 

U
G

lL
 

53
4.

00
00

 
U

G
IL

 
1
.3

0
0
0
 

J
 

U
G

/L
 



Ta
bl

e 
6.

2.
1.

62
 

Lo
ca

tio
n-

S
pe

ci
fic

 A
na

ly
si

s 
o

f 
C

O
P

C
s 

D
et

ec
te

d
 in

 S
W

M
U

 9
 G

ro
un

dw
at

er
 

W
it

h
 C

or
re

sp
on

di
ng

 H
az

ar
d

 Q
u

o
tie

n
t 

an
d 

R
is

k 
E

st
im

at
es

 

N
av

al
 B

as
e 

C
ha

rl
es

to
n 

C
ha

rl
es

to
n,

 S
C

 

S
IT

E
T

A
G

 
M

E
D

IA
 

P
A

R
A

M
E

TE
R

 
Q

U
A

R
TE

R
 

R
E

S
U

LT
 

Q
 

U
N

IT
S

 
H

a
 Ic

h
ild

l 
IL

C
R

 (I
w

el
 

2,
3,

7,
8-

T
C

D
D

 e
qu

iv
al

en
ts

 
P

en
ta

ch
lo

ro
ph

en
ol

 
A

zo
be

nz
en

e 
B

en
ze

ne
 

B
E

H
P

 

2,
4-

D
im

et
h

yl
p

h
en

o
l 

4-
M

et
h

yl
p

h
en

o
l 

C
 hl

or
ob

en
ze

ne
 

Le
ad

 
M

an
g

an
es

e 
A

n
tim

o
n

y 
B

ar
iu

m
 

C
ad

m
iu

m
 

H
ex

ac
hl

or
oc

yc
lo

pe
nt

ad
ie

ne
 

00
9G

W
01

7 
G

S
 

P
sn

ta
ch

lo
ro

p h
en

ol
 

0
1
 

00
9G

W
01

7 
G

S 
M

an
g

an
es

e 
0

1
 

00
9G

W
01

7 
G

S
 

B
ar

iu
m

 
0
 1

 

00
9G

W
01

8 
G

S
 

P
en

ta
ch

lo
ro

ph
en

ol
 

0
1
 

0
0

9
G

W
0

1
8

 
G

S
 

Le
ad

 
0
 1 

P
G

/L
 

U
G

lL
 

U
G

IL
 

U
G

IL
 

U
G

IL
 

U
G

lL
 

uo
n 

U
G

IL
 

U
G

lL
 

uo
n 

U
G

IL
 

U
G

lL
 

U
G

IL
 

U
G

IL
 

7
1
.0

0
0
0
 

3 
U

G
lL

 
12

7.
00

00
 

U
G

lL
 

4
9

9
.0

0
0

0
 

U
G

IL
 

1
1

.0
0

0
0

 
J 

U
G

IL
 

8
.2

0
0

0
 

U
G

IL
 



Ta
bl

e 
6.

2.
1.

62
 

Lo
ca

tio
n-

S
pe

ci
fic

 A
na

ly
si

s 
o

f 
C

O
P

C
s 

D
et

ec
te

d 
in

 S
W

M
U

 9
 G

ro
un

dw
at

er
 

W
it

h
 C

or
re

sp
on

di
ng

 H
az

ar
d

 Q
uo

tie
nt

 a
nd

 R
is

k 
E

st
im

at
es

 

N
av

al
 B

as
e 

C
ha

rl
es

to
n 

C
ha

rle
st

on
, 

S
C

 

S
IT

E
TA

G
 

M
E

D
IA

 
P

A
R

A
M

E
TE

R
 

Q
U

A
R

TE
R

 
R

E
S

U
LT

 
Q

 
U

N
IT

S
 

H
Q

 (
ch

ild
) 

IL
C

R
 I

lw
al

 

0
0

9
G

W
O

t8
 

G
S

 
M

an
g

an
es

e 
0

0
9

G
W

0
1

8
 

G
S

 
B

ar
iu

m
 

0
0

9
G

W
0

1
9

 
G

S
 

C
hl

or
ob

en
ze

ne
 

0
0

9
G

W
0

1
9

 
G

S
 

Le
ad

 
0

0
9

G
W

0
1

9
 

G
S

 
M

an
g

an
es

e 
0

0
9

G
W

0
1

9
 

G
S

 
B

ar
iu

m
 

N
O

TE
S

: 

B
en

ze
ne

 
4-

M
et

h
yf

p
h

en
o

l 
C

hl
or

ob
en

ze
ne

 
M

an
g

an
es

e 
T

h
al

liu
m

 
C

op
pe

r 
V

an
ad

iu
m

 
L

ea
d

 
M

an
g

an
es

e 
B

ar
iu

m
 

3
2

0
.0

0
0

0
 

U
G

IL
 

1
2
0
0
.0

0
0
0
 

U
G

lL
 

28
.0

00
0 

U
G

lL
 

2.
60

00
 

J 
U

G
IL

 
5

3
 1

.0
0

0
0

 
U

G
IL

 
4

0
1

.0
0

0
0

 
U

G
/L

 

J 
U

G
IL

 
J
 

U
G

IL
 

U
G

IL
 

U
G

lL
 

J
 

U
G

IL
 

J
 

U
G

IL
 

J 
U

G
IL

 
J 

U
G

iL
 

U
G

IL
 

U
G

IL
 

- 
d

at
a 

re
p

re
se

n
t d

et
ec

te
d

 c
on

ce
nt

ra
tio

ns
 o

nl
y;

 n
o

 a
ss

um
ed

 c
o

n
ce

n
tr

at
io

n
s 

w
er

e 
in

cl
ud

ed
 



T
ab

le
 6

.2
.1

.6
2 

Lo
ca

tio
n-

S
pe

ci
fic

 A
n
a
ly

si
s 

o
f 

C
O

P
C

s 
D

et
ec

te
d 

in
 S

W
M

U
 9

 G
ro

un
dw

at
er

 
W

ith
 C

or
re

sp
on

di
ng

 H
az

ar
d 

Q
u
o
tie

n
t 

an
d 

R
is

k 
E

st
im

at
es

 

N
av

al
 B

as
e 

C
ha

rle
st

on
 

C
ha

rle
st

on
, 

S
C

 

S
IT

E
TA

G
 

M
E

D
IA

 
P

A
R

A
M

E
TE

R
 

Q
U

A
R

TE
R

 
R

E
S

U
LT

 
Q

 
U

N
IT

S
 

H
Q

 [c
h

ild
) 

IL
C

R
 ll

w
a

) 

G
S

 

G
D

 
Q

U
A

R
TE

R
 

R
E

S
U

LT
 

Q
 

J 8
 

U
G

/L
 

PG
lL

 
lw

a
 

H
Q

 

IL
C

R
 

th
e

 o
n
e

-h
it 

e
q
u
a
tio

n
 fo

r 
h
ig

h
 c

ar
ci

no
ge

ni
c 

ri
sk

 le
ve

ls
 w

a
s 

us
ed

 to
 e

st
im

a
te

 s
h
a
llo

w
 g

ro
u
n

d
w

a
te

r 
in

g
e

st
io

n
 

lL
C

R
 fo

r 
be

nz
id

in
e 

in
 0

09
G

F
M

W
4 

(f
ir

st
 q

ua
rt

er
1 

an
d 

fo
r 

th
e

 in
g
e
st

io
n
 IL

C
R

 e
st

im
a
te

d
 fo

r 
vi

n
yl

 c
h

lo
ri
d

e
 

re
p
o

rt
e
d
 I

n
 fi

rs
t 

an
d 

se
co

nd
 q

ua
rt

er
 m

o
n
ito

ri
n
g
 w

e
ll 

d
a
ta

 fo
r 

00
9G

W
00

7 
si

te
 a

nd
 s

am
pl

e 
lo

ca
tio

n
 fr

o
m

 w
h

ic
h

 th
e
 s

am
pl

e 
w

a
s 

co
lle

ct
ed

 (e
. g

., 
0
0
9
 i

s 
th

e
 s

ite
 d

es
ig

na
tio

n,
 G

W
 

in
d
ic

a
te

s 
g
ro

u
n
d
w

a
te

r,
 0

3
 in

d
ic

a
te

s 
w

e
ll 

nu
m

be
r 

3,
 a

nd
 D

 in
d
ic

a
te

s 
th

e
 d

ee
p 

W
B

Z)
. 

da
ta

 r
e
p
re

se
n
ts

 s
h
a
llo

w
 g

ro
u
n
d
w

a
te

r 

d
a
ta

 r
e
p

re
se

n
ts

 d
ee

p 
gr

ou
nd

w
at

er
 

in
d
ic

a
te

s 
fir

st
 o

r 
se

co
n
d
 q

ua
rt

er
s 

o
f 

g
ro

u
n
d
w

a
te

r 
m

o
n
ito

ri
n
g
 d

at
a 

re
p
o
rt

e
d
 c

o
n
ce

n
tr

a
tio

n
 

d
a
ta

 q
u
a

lif
ie

r 
re

p
o
rt

e
d
 c

o
n
ce

n
tr

a
tio

n
 w

a
s 

es
tim

at
ed

 b
y 

th
e

 r
e
p
o
rt

in
g
 la

b
o
ra

to
ry

 
C

O
P

C
 w

a
s 

re
p
o
rt

e
d
 i

n
 a

 c
or

re
sp

on
di

ng
 b

la
nk

 s
am

pl
e 

an
d 

co
u
ld

 b
e 

a
 la

b
o
ra

to
ry

 a
rt

ifa
ct

 

m
ic

ro
g
ra

m
s 

p
e
r 

lit
e
r 

pi
co

gr
am

s 
pe

r 
lit

e
r 

lif
e
tim

e
 w

e
ig

h
te

d
 a

ve
ra

ge
 

ha
za

rd
 q

u
o
tie

n
t 

- c
a
lc

u
la

te
d
 a

ss
um

in
g 

a
 c

h
ild

 r
es

id
en

t, 
w

h
ic

h
 i

n
cl

u
d
e
d
 th

e
 in

h
a
la

tio
n
 

ex
po

su
re

 p
a

th
w

a
y 

(w
h
e
re

 a
pp

lic
ab

le
) 

in
cr

e
m

e
n
ta

l e
xc

es
s 

lif
e

tim
e

 c
an

ce
r 

ri
sk

 - c
e
lc

u
la

te
d
 a

ss
um

in
g 

th
e
 I

w
a

 fo
r 

re
si

de
nt

s,
 

w
h

ic
h

 in
cl

u
d
e
d
 th

e
 in

h
a
la

tio
n
 e

xp
os

ur
e 

p
a

th
w

a
y 

(w
h
e
re

 a
pp

lic
ab

le
) 





V
an

ad
iu

m
 

Zi
nc

 

3 
6.

2.
1 

63
 

m
ar

y 
of

 R
is

k 
an

d 
H

az
ar

d-
ba

se
d 

C
O

C
s 

fo
r 

C
om

bi
ne

d 
S

W
M

U
 9

 
B

A
S

E
 - C

h
er

le
sM

 Z
O

IW
 H

 
ie

st
on

. S
ou

th
 C

ar
ol

in
a 

P
ot

en
tia

l F
ut

ur
e 

P
W

a
l

 F
ut

ur
e 

P
ot

en
tia

l F
ut

ur
e 

4 

D
er

m
al

 
-Y 

C
on

ts
ct

 
A

ro
ck

r-
I 2
40
 

A
m

cb
r-

12
54

 
A

ro
ck

r-
12

60
 

A
rs

e
n
ii 

B
%

nz
o(

a)
py

re
ne

 E
qu

iv
. 

B
er

yl
liu

m
 

C
hr

om
iu

m
 

co
pp

er
 

Le
ad

 
' 

M
an

ga
ne

se
 

M
er

cu
ry

 
N

ic
ke

l 
1
 hH

iu
rn

 
V

an
ad

iu
m

 

Ex
po

su
re

 
R

es
id

en
t A

du
lt 

R
es

id
en

t C
hi

ld
 

R
es

id
en

t I
w

a 
S

L
 W

or
ke

r 
P

at
hw

ay
 

IL
C

R
 

ur
n 

H
az

ar
d 

Q
uo

tk
nt

 
H

az
ar

d 
Q

uo
tie

nt
 

H
az

ar
d 

Q
uo

tie
n 

lL
C

R
 

Id
en

tif
ic

at
im

 
of

 C
O

C
s 

D
er

m
al

 
B

en
zo

(a
)p

ym
e 

E
qu

iv
. 

N
 D

 
N

D
 

1 .
O

E-
 

N
D

 
4

.2
~

4
7

1
 

2 

Zi
nc

 
0.

01
04

 
0.

03
43

 
N

D
 

0.
00

74
 

N
O

 
ce

 S
oi

l P
at

tw
vs

y 
S

um
 fo

r 
S

W
M

U
 1

21
 

0.
8 

6 
2E

04
 

0.
4 

3
E

0
5

 
AO

C
 6

49
 

In
ci

de
nt

al
 

B
sn

za
(e

)p
yr

en
e 

Eq
ui

v.
 

N
D

 
N

D
 

2.
3E
-0
8 

N
D

 
2.

6E
-0

7 
2 

C
on

ta
ct

 
M

er
cu

ry
 

0.
00

85
 

0.
02

1 
N

D
 

0.
00

48
 

N
O

 
ce

 S
dl
 P

at
hw

ay
 S
um
 fo

r 
A

O
C

 6
49

 
0.
04
 

0.
3 

3E
-0

8 
0.

02
 

7E
-0

7 
A

O
C

 6
50

 
In

ci
de

nt
al

 
A

ro
ck

r-
t 2

54
 

0.
02

8 
0.

26
 

4.
9E

46
 

0.
01

0 
5
.
5
E
4
7
 

1- 
B

en
to

(a
)p

yr
sn

e 
E

qu
iv

. 
N

D
 

N
 D

 
M

E
0

5
 

N
D

 
3.

9E
-W

 
C

0p
ps

r 
0.

01
3 

0.
12

 
N

D
 

0.
00

47
 

N
D

 

Id
w

at
er

 
w

 G
e

t
e

r
 ln

gs
sb

io
n 

A
zo

bs
nz

em
, 

N
 A
 

N
A

 
2.

4E
-0

8 
N

A
 

7.
7E

-0
7 

:
i

 Q
u
a
m

 
C

h
lu

m
h

m
m

e
 

0.
16

 
0.

37
5 

N
A

 
0.

05
7 

N A
 

C
hr

om
iu

m
 (t

riv
al

en
t) 

0.
00

07
 

0.
00

15
 

N
 A
 

0.
00

M
4 

N
 A
 

1,
4-

D
ih

kr
ob

sn
ze

ns
 

0.
00

03
 

0.
00

1 
9.

9E
-0

7 
0.

00
01

 2 
3.

2E
-0

7 
t ,

2
-

D
i

i
m

 
N

 A
 

N
 A
 

9.
3E

-0
6 

N
A

 
3.

O
E

-0
6 

1,
2-

D
ilo

ra
e?

h
en

e (
to

ta
l) 

0.
02

37
 

0.
05

5 
N

A
 

! 
0.

00
85

 
N A

 
A

nt
im

on
y 

0.
61

 
1.

43
 

N
A 

0.
22

 
N

 A
 

2 2 

D
em

~
al

 
A

ro
ck

r-
 1 2

54
 

0.
02

3 
0.

07
5 

2.
2E

-0
6 

0.
01

6 
9.

0E
-0

7 
C

on
tP

ct
 

B
sn

xa
(a

)p
yr

en
e 

E
qu

iv
. 

N
D

 
N

D
 

1.
6E

-0
5 

N
D

 
6.

4E
08

 
C

op
pe

r 
O

.M
n7

 
0.

00
89

 
N

D
 

0.
00

1 S
 

N
D

 
So

il 
Pa

th
w

ay
 S

um
 fa

r 
A

O
C

 6
50

 
0.

07
 

0.
5 

6E
-0

5 
0.

03
 

1
 E#
- 

2 2 



In
ha

la
tio

n 
A

ro
bs

nr
en

e 
C

hl
or

ob
en

ze
ne

 
C

hr
om

iu
m

 (@
inl

en
t) 

1 .
C

D
ic

hl
w

ob
en

ze
ne

 
1

.2
-D

ic
h

lo
rh

n
e

 
1 ,

Z-
D

ic
M

or
oe

th
en

e (
to

ta
l) 

A
nt

im
on

y 
B

ar
iu

m
 

B
en

ze
ne

 
B

en
zi

di
ne

 
C

ar
bo

n 
di

w
ffi

de
 

B
E

H
P

 
ca

pp
er

 
2,

C
D

im
et

tr
yl

ph
sn

ol
 

2,
3,

7,
&

TC
D

D
 e

qu
iv

al
en

ts
 

E
th

yl
be

nz
en

e 
bb

(2
-C

hk
ra

et
hy

i)e
th

er
 

H
ex

ac
hb

rm
yc

bp
en

ta
di

en
e 

Le
ad

 
2-

M
et

hy
lp

he
no

l 
e
M

e
th

yl
p
h
e
n
d
 

P
m

ta
cb

lo
ro

ph
en

ol
 

V
an

ad
iu

m
 

le
 6

.2
.1

.6
3 

nr
na

ry
 o

f R
is

k 
an

d 
H

az
ar

d-
ba

se
d 

C
O

C
s 
for
 C

om
bi

ne
d 

S
W

M
U

 9
 

VB
AS

E 
- C

ha
rle

et
on

 Z
on

e 
H

 
~r

le
st

o
n

, S
ou

th
 C

ar
ol

in
a 

P
ot

en
tia

l F
ut

ur
e 

P
ot

en
tia

l f
u
tu

re
 

P
ot

en
tia

l F
ut

ur
a 

E
xp

os
ur

e 
R

es
id

en
t A

du
lt 

R
es

id
en

t C
hi

ld
 

R
es

id
en

t l
w

a 
jiu

rn
 

P
at

hw
ay

 
H

az
ar

d 
Q

w
tie

n
t 

H
az

ar
d 

Q
w

ti
en

t 
IL

C
R

 

V
I

 
ch

lo
rid

e 
N 

A
 

N
 A
 

1.
3E

-0
4 

N
A

 
4 
1E
-0
5 

Q
ua

rt
er

 S
ha

lk
w

 G
ro

w
K

hv
at

er
 P

at
hw

ay
 S

um
 

11
 

26
 

1 E
-0

1 
4
 

3E
-0

2 

S
i

 W
or

ke
r 

H
az

ar
d

Q
w

ti
en

 
IL

C
R

 

2 

ld
en

tif
tc

ab
io

n 
of

 C
O

C
s 

B
ar

iu
m

 
0.

33
 

0.
76

 
N

 A
 

0.
12

 
N

A
 

B
en

ze
ne

 
N

 A
 

N
 A

 
5.

4E
-M

 
N

A
 

1.
7E

-0
6 

B
sn

zi
di

ne
 

0.
27

 
0.

64
 

9
.8

E
M

 
0.

09
7 

3
.
2
E
4
2
 

C
ar

bo
n 

d
ii

u
lk

k
 

0.
00

3 
0.

00
76

 
N

 A
 

0.
00

12
 

N
A

 
B

E
H

P
 

0
.W

 
0.

00
53

 
3.

5E
-0

7 
0.

00
08

 
1.

1E
-0

7 
co

pp
er

 
0.

01
3 

0.
02

9 
N

 A
 

0.
00

5 
N

 A
 

2,
dD

im
et

hy
lp

he
no

l 
0.

08
9 

0.
16

 
N

 A
 

0.
02

5 
N

A
 

2,
3,

7,
S

fC
D

D
 e

qu
iv

al
en

ts
 

N
 A

 
N

 A
 

6
.3

E
a

 
N

A
 

2.
O

E-
08

 
Et

hy
lb

en
ze

ne
 

0.
00

7 
0.

01
6 

N
A

 
0.

00
2 

N
 A
 

bi
s(

2-
C

 hl
om

et
hy

l)e
th

er
 

N
A

 
N

A
 

1
 B

E
-0

4 
N

A
 

6.
1E

45
 

H
er

ca
ch

kr
oe

yc
bp

en
ta

di
en

e 
0.

02
3 

0.
05

4 
NA

 
0.

00
83

 
N

 A
 

Le
ad

 
N

 A
 

N
A

 
N

A
 

N
 A

 
N

 A
 

2-
M

et
hy

 lp
he

nd
 

0.
00

6 
0.

09
 2

 
N

 A
 

0.
00

18
 

N
 A

 
4-

M
ah

yl
p

h
rt

d
 

0.
37

 
0.

87
 

N
 A

 
0.

13
3 

N
A

 
P

en
ta

ch
kr

op
he

nd
 

0.
00

17
3 

0.
00

40
3 

3.
4E

-0
6 

0.
00

08
2 

1 .
lE

- 
V

an
ad

iu
m

 
0.

04
3 

0.
09

9 
N

A
 

0.
01

 5
 

N
A

 
V

in
yl

 c
hl

or
id

e 
N

A
 

N
A

 
8.

1 E
-0

4 
N

A
 

2
.6

E
4

4
 

3 
4 4 

. 
4 4 



ap
 G

ro
ur

ui
w

at
er

 
In

ge
st

io
n 

C
hm

m
iu

rn
 (t

riv
al

en
t) 

Fi
rs

t Q
ua

rt
er

 
C

ad
m

iu
m

 
C

ar
bo

n 
d

iu
lfr

d
e 

C
hl

or
of

or
m

 
M

an
ga

ne
se

 
Th

al
liu

m
 

t 
6.

2.
1.

63
 

m
ar

y 
of

 R
is

k 
an

d 
H

a
za

rd
-b

a
d

 C
O

C
s 

fo
r 

C
om

bi
ne

d 
S

W
M

U
 9

 
B

A
SE

 - 
C

ha
rle

st
on

 Z
on

e 
H

 
k

to
n

, S
ou

th
 C

ar
ol

in
a 

P
ot

en
tia

l F
ut

ur
e 

Po
te

nt
ia

l F
ut

ur
e 

P
ot

en
tia

l F
ut

ur
e 

In
ha

la
tio

n 
C

hr
om

iu
m

 (t
ri

ile
n

t)
 

C
ad

m
iu

m
 

Ca
- 

di
su

lfi
de

 
C

hk
m

fo
nn

 
Ma
ng
an
es
e 

Ex
po

su
re

 
R

es
id

en
t A

du
lt 

R
es

id
en

t C
hi

ld
 

R
es

id
en

t I
w

a 
um

 
P

at
hw

ay
 

H
az

ar
d 

Q
uo

tie
nt

 
H

az
ar

d 
Q

uo
tie

nt
 

IL
C

R
 

w
n

d
 Q

ua
rte

r 
1 ,

d
D

ic
h

h
b

en
ze

n
e 

1,
2-

D
ic

hl
w

oe
th

an
e 

1,
2-

D
ic

hk
ro

et
he

ne
 (t

ot
al

) 
M

et
hy

hl
ec

hl
w

id
e 

T
rM

b
m

e
h

m
 

B
er

yl
liu

m
 

Ar
se
ni
c 

B
ar

iu
m

 
Se

nz
en

e 
C

ad
m

iu
m

 
C

op
pe

r 
2,

4D
im

et
hy

lp
he

no
l 

H
ex

ac
hk

ro
be

nz
en

e 
H

e
b

b
m

d
ie

n
e

 
H

sw
ch

lo
ro

et
ha

ne
 

Le
ad

 
&

M
et

hy
lp

he
no

l 
V

an
ad

iu
m

 
Vi

ny
l &

br
id

e 

S
ib

 W
or

ke
r 

H
az

ar
d 

Q
uo

bj
ec

r 
lL

C
R

 

In
ha

la
tio

n 
C

hl
or

ob
en

ze
ne

 
1.

4-
D

iil
w

o
b

en
ze

n
e 

1.
2-

O
ic

hb
ro

et
ha

ne
 

1,2--- 
(to

ta
l) 

M
et

hy
le

ns
 c

h
kr

id
e 

Tr
ic

hk
ro

et
he

ns
 

B
sr

yH
iu

m
 

A
rs

en
ic

 

Id
en

tif
ic

at
io

n 
of

 C
O

C
s 



11
1:
 

n
d

i
 

no
t a

pp
lic

ab
le

 
n

d
i

i
 no

t d
e

t
e

m
~

~
 

du
e 
b

 t
he
 la

ck
 o

f a
va

ila
bl

e 
ris

k 
in

fo
rm

at
io

n.
 

2 
in

di
ca

te
s 

in
cr

em
en

ta
l e

xc
es

s 
l

i
m

e
 ca

nc
er

 ri
sk

 
td

ik
at

es
 h

az
ar

d 
in

de
x 

h
e

m
il

 is
 a

 C
O

C
 b

y 
vi

rtu
e 

of
 p

ro
je

ct
ed

 c
hi

ld
 re

si
de

nc
e 

no
n-

ca
rc

in
og

en
ic

 h
az

ar
d.

 
h

e
m

id
 is

 a
 C

O
C

 b
y 

vi
rtu

e 
of

 p
ro

je
ct

ed
 fu

tu
re

 r
es

id
en

t l
i

m
e

 IL
C

R
. 

h
em

id
 is

 a
 C

O
C

 b
y 

vi
rt

ita
 of
 p

ro
je

ct
ed

 si
ts
 w

or
ke

r n
on

ca
rc

in
og

en
ic

 h
az

ar
d.

 
h

em
ii

t i
s 

e 
C

O
C

 b
y 

vi
rtu

e 
of

 p
ro

je
ct

ed
 s

ib
 w

w
kw

 1
LC

R
. 

!o
(a

)p
yr

w
rs

 e
q

u
iv

ah
ts

 w
er

e 
id

en
tif

ie
d 

as
 C

O
C

s 
fo

r s
ur

fa
ce

 s
oi

l b
as

ed
 o
n 

am
bi
ne
d 

in
g

e
s

h
 an

d 
de

rm
al

 c
on

ta
ct

 p
at

hw
ay

 ri
sk

. 

Ae
 6

.2
.1

.6
3 

nm
ar

y 
of

 R
is

k 
an

d 
H

az
ar

d-
ba

se
d 

C
O

C
s 

fo
r 

C
om

bi
ne

d 
S

W
M

U
 9

 
VB

A
SE

 - C
ha

rle
st

on
 Z

on
e 

H
 

~r
le

st
on

. So
ut

h 
C

ar
ol

in
a 

Id
en

tif
ic

at
io

n 
of

 C
O

C
s 

1 
2
 

4 

1 
2 

3 
4 

1 
2 2 

1 1 

P
ot

en
tia

l F
ut

ur
e 

P
ot

en
tia

l F
ut

ur
e 

P
ot

en
tia

l F
ut

ur
e 

E
xp

os
ur

e 
R

es
id

en
t A

du
lt 

R
es

id
en

t C
hi

ld
 

R
es

id
en

t l
w

a 
liu

m
 

P
at

hw
ay

 
H

az
ar

d 
Q

uo
tie

nt
 

H
az

ar
d 

Q
w

tie
nt

 
ll

C
R

 
S

i
 W

or
ke

r 
H

a
z

a
rd

Q
w

th
 

lL
C

R
 

B
ar

iu
m

 
N

 A
 

N
 A

 
N

 A
 

N
A

 
N

 A
 

B
en

ze
ne

 
0.

17
 

0.
41

 
4

.8
E

3
8

 
0.

06
2 

1.
5E

-0
6 

C
ad

m
iu

m
 

N
 A
 

N
 A

 
N

 A
 

N
A

 
N

 A
 

C
b

p
m

 
N

 A
 

N
 A

 
N

 A
 

N
 A

 
N

 A
 

2
,4

-D
iy

lp
h

e
n

d
 

N
 A

 
N

 A
 

N
A

 
N

 A
 

N
 A

 
H

ew
ch

br
ob

en
ze

ne
 

0.
41

 
0.

96
 

2.
9E

-0
4 

0.
15

 
9.
3E
-0
5 

H
ex

ac
hk

ro
bu

ba
di

en
e 

0.
22

 
0.

51
 

1 9
E

-0
6 

0.
07

8 
5

.9
5

0
7

 
H

ex
ac

hl
or

oe
th

an
e 

0.
04

2 
0.

09
8 

3.
2E

-0
7 

0.
01

 5 
1

 .O
E-

07
 

Le
ad

 
N

 A
 

N
 A

 
N

 A
 

N A
 

N
 A

 
C

M
et

hy
lp

he
nd

 
N

 A
 

N
 A

 
N

 A
 

N
 A

 
N

 A
 

V
an

ad
iu

m
 

N
 A

 
N

 A
 

N
 A
 

N A
 

N
 A

 
V

ny
l c

hl
or

id
e 

N
A

 
N

A
 

1.
2E

-0
4 

N
A

 
3.

9E
-0

5 
tm

d 
Q

ua
rt

er
 S

h
a

h
 G

ro
u

n
h

te
r 

Pa
th

w
ay

 S
um

 
6 

15
 

2E
-0

3 
2 

7E
-0

4 
xp

G
m

un
di

.m
br

 
In

ge
st

io
n 

' 
C

ad
m

iu
m

 
0.

18
 

0.
41

 
N

 A
 

0.
08

3 
N

A
 

5e
co

nd
 Q

ua
rt

er
 

M
an

ga
ne

se
 

7.
0 

16
.2

 
N

 A
 

2.
5 

N
A

 
Dn

d 
Q

ua
rte

r 
D

se
p 

G
ro

un
dw

at
er

 P
at

hw
ay

 S
um

 
7 

17
 

N
A

 
3
 

N
 A

 



e 
6.

2.
1.

64
 

m
ar

y 
of

 R
is

k 
an

d 
H

az
ar

d 
fo

r 
C

om
bi

ne
d 

S
W

M
U

 9
 

'B
A

S
E

 - C
ha

rle
st

on
 Z

on
e 

H
 

rIe
st

on
, S

ou
th

 C
ar

ol
in

a 

ac
e 

S
oi

l P
at

hw
ay

 S
um

 fo
r 

S
W

M
U

 1
9 

0.
4 

3 
6E

-0
5 

0.
2 

1E
-0

5 

H
I 

H
I 

l L
C

R
 

iu
m

 
(A

du
lt)

 
(C

hi
ld

) 
(L

W
A

) 

ac
e 

S
oi

l P
at

hw
ay

 S
um

 fo
r 

S
W

M
U

 2
0
 

N
O

 
N

D
 

1E
-0

5 
N

D
 

3E
-0

6 

H
I 

IL
C

R
 

(W
or

ke
r)

 
[W

or
ke

r)
 

ac
e 

S
oi

l P
at

hw
ay

 S
um

 fo
r 

S
W

M
U

 1
21

 
0.

8 
6

 
2E

-0
4 

0.
4 

3E
-0

5 

ac
e 

S
oi

l P
at

hw
ay

 S
um

 fo
r A

O
C

 6
49

 
0.

04
 

0.
3 

3E
-0

6 
0.

02
 

7E
-0

7 

ac
e 

S
oi

l P
at

hw
ay

 S
um

 fo
r 

A
O

C
 6

50
 

0.
07

 
0.

5 
6E

-0
5 

0.
03

 
1E

-0
5 

: Q
ua

rte
r S

ha
llo

w
 G

ro
un

dw
at

er
 P

at
hw

ay
 S

um
 

11
 

26
 

1E
-0

1 
4 

3E
-0

2 

: Q
ua

rte
r D

ee
p 

G
ro

un
dw

at
er

 P
at

hw
ay

 S
um

 
60

 
14

0 
3E

-0
6 

2
1
 

1E
-0

6 

bn
d 

Q
ua

rte
r S

ha
llo

w
 G

ro
un

dw
at

er
 P

at
hw

ay
 S

um
 

6 
15

 
2E

-0
3 

2 
7E

-0
4 

bn
d 

Q
ua

rt
er

 D
ee

p 
G

ro
un

dw
at

er
 p

a
th

w
a

ys
u

m
 

7 
17

 
N

A
 

3 
N

A
 

5s
: 

in
di

ca
te

s 
no

t d
et

er
m

in
ed

 d
ue

 to
 la

ck
 o

f a
va

ila
bl

e 
ris

k 
in

fo
rm

at
io

n 
3 

in
di

ca
te

s 
in

cr
em

en
ta

l e
xc

es
s 

lif
et

im
e 

ca
nc

er
 r

is
k 

ld
ic

at
es

 h
az

ar
d 

in
de

x 



T
ab

le
 6

.2
.1

.6
5
 

R
es

id
en

tia
l-B

as
ed

 R
em

ed
ia

l G
oa

l O
pt

io
ns

 
N

av
al

 B
as

e 
C

ha
rle

st
on

, 
S

W
M

U
 0

1
 9
 S

u
rf

a
ce

 S
oi

ls
 

C
ha

rle
st

on
, 

S
oo

th
 C

ar
ol

in
a 

S
lo

pe
 

U
na

dj
us

te
d 

F
ac

to
r 

EP
C 

C
he

m
ic

al
 

(m
g/

kg
-d

ay
)-

1 
TE

F 
m

gl
kQ

 

A
nt

im
on

y 
A

ro
cl

o
r-

12
64

 
A

ro
cl

o
r-

1
2

6
0

 
A

rs
en

ic
 

B
en

zo
(a

)p
yr

en
e 

E
qu

iv
al

en
ts

 
B

er
yl

liu
m

 

C
op

ps
r 

Le
ad

 
N

ic
ke

l 
Z

in
c 

H
az

ar
d-

B
as

ed
 

R
em

ed
ia

l G
oa

l O
pt

io
ns

 
3
 

9 
.o

 
0
.1

 

m
g

k
g

 
m

g
lk

g
 

m
a

k
n

 

R
is

k-
B

as
ed

 
R

em
ed

ia
l G

o
d

 O
pt

io
ns

 
Ba
ck
gr
ou
nd
 

1
 E
4
6
 

1
 E

-0
5 

1
 E
-0

4 
C

on
ce

nt
ra

tio
n 

m
g

k
g

 
m

g
lk

g
 

m
uf

ig
 

m
!a

hg
 

N
O

T
E

S
: 

EP
C

 
ex

po
su

re
 p

o
in

t c
on

ce
nt

ra
tio

n 
N

A
 

n
o

t a
pp

lic
ab

le
 

N
D

 
n

o
t d

et
er

m
in

ed
 

- 
re

m
ed

ia
l g

oa
l o

pt
io

ns
 w

er
e 

be
se

d 
on
 t

h
e

 r
es

id
en

tia
l l

ife
tim

e
 w

ei
gh

te
d 

av
er

ag
e 

fo
r 

ca
rc

in
og

en
s 

an
d 

th
e
 c

hi
ld

 r
es

id
en

t f
o

r 
no

nc
ar

ci
no

ge
ns

 



T
ab

le
 6

.2
.1

.6
6 

W
or

ke
r-

B
as

ed
 R

em
ed

ia
l G

oa
l O

pt
io

ns
 

N
av

al
 B

as
e 

C
ha

rle
st

on
, 

S
W

M
U

 0
1

 9
 S

ur
fa

ce
 S

oi
ls

 
C

ha
rle

st
on

, 
S

o
u
th

 C
ar

ol
in

a 

S
lo

pe
 

U
na

dj
us

te
d 

F
ac

to
r 

EP
C

 
C

he
m

ic
al

 
(r

n
gk

gd
sy

l-
1 

TE
F 

m
g

fig
 

A
n

tim
o

n
y 

A
ro

cl
o

r-
1

2
5

4
 

A
ro

cl
or

-1
26

0 
A

rs
en

ic
 

B
en

zo
(a

1p
yr

en
e 

E
qu

iv
al

en
ts

 
B

e
ry

lli
u
m

 

C
op

pe
r 

Le
ad
 

N
ic

ke
l 

Z
in

c 

N
O

TE
S

: 
€P

C
 

ex
po

su
re

 p
o
in

t c
on

ce
nt

ra
tio

n 
N

A
 

n
o

t a
pp

lic
ab

le
 

N
D

 
n

o
t d

et
er

m
in

ed
 

H
a

za
rd

-B
a

d
 

R
em

ed
ia

l G
oa

l O
p
tio

n
s 

3
 

1
 .o 

0
.1

 

m
g

k
g

 
m

s
k

a
 

m
a

lk
e

 

1
7
4
0
 

5
8

0
 

5
8

 
4

6
 

1
 5
 

1.
5 

N
D

 
N

D
 

N
D

 
1

3
0

5
 

4
3
5
 

4
3

 
N

D
 

N
D

 
N

O
 

2
1

7
4

5
 

7
2

4
8

 
7

2
5

 
1

6
1

3
4

6
 

5
3

7
8

2
 

5
3

7
8

 
N

D
 

N
D

 
N

D
 

8
6

9
7

9
 

2
8

9
9

3
 

2
8

9
9

 
1

3
0

4
8

8
1

 
4
3
4
8
9
4
 

4
3

4
8

9
 

R
is

kB
as

ed
 

R
e

m
e

d
a

l G
oa

l O
pt

io
ns

 
B

ac
kg

ro
un

d 
1
 E-

Q
B

 
1
E
-
0
5
 

7E
-0

4 
C

on
ce

nt
ra

tio
n 

m
9

lk
g

 
m

g
k

g
 

m
E

lk
g 

m
g

k
g

 

N
D

 
N

D
 

N
D

 
N

D
 

0
.2

8
2

 
2
.8

2
 

2
8

.2
 

N
O
 

0
.2

8
2
 

2.
82

 
28

.2
 

N
D

 
2
.7

0
6
 

2
7
 

2
7

1
 

1
4

.8
1

 
0
.2

9
7
 

2
.9

7
 

2
9
.7

 
N

D
 

0
.9

4
4
 

9
.4

4
 

9
4
.4

 
1

.4
7

 
N

U
 

N
D

 
N

D
 

2
7

.6
 

N
D

 
N
O
 

N
D

 
1
1
8
 

N
D

 
N

D
 

N
D

 
33

.3
8 

N
D

 
N

D
 

N
D

 
2
1
4
.3

 



T
ab

le
 6

.2
.1

.6
7

 
R

es
id

en
tia

l-B
as

ed
 R

em
ed

ia
l G

o
a
l O

p
tio

n
s 

N
a

va
l B

as
e 

C
h
a
rl
e
st

o
n
, 

S
W

M
U

 0
2
0
 S

u
rf

a
ce

 S
oi

ls
 

C
ha

rle
st

on
, 

S
o

u
th

 C
a
ro

lin
a
 

S
lo

pe
 

U
n

a
d

ju
st

e
d

 

F
a
ct

o
r 

EP
C 

C
h

e
m

ic
a

l 
(r

n
g

/k
g

d
a

y)
-1

 
TE

F 
m

g
k

g
 

B
e
n

zo
(a

)p
yr

e
n
a
 E

q
u
iv

a
le

n
ts

 
7.

3 
1
 

0
.8

2
1
 

~
s

m
e

d
a

i G
o

a
l O

p
tio

n
s 

3
 

1
 .o

 
0

.1
 

m
g

lk
g

 
m

g
lk

g
 

m
g

fk
g

 

R
is

k-
B

rs
sd

 
fie

m
ed

id
 G

oa
l O

p
tio

n
s 

B
ac

kg
ro

un
d 

I€
-0

8
 

1 E
-0
 5 

1
E
4
4
 

C
o
n
ce

n
tr

a
tio

n
 

m
g

ik
g

 
m

g
k

g
 

m
g

/k
g

 
m

g
k

g
 

N
O

TE
S

: 
EP
C 

e
xp

o
su

re
 p

o
in

t 
co

n
ce

n
tr

a
tio

n
 

N
A

 
n

o
t 
a
p
p
lic

a
b
le

 
N

D
 

n
o

t 
d
e
te

rm
in

e
d
 

- 
re

m
e
d
ia

l g
oa

l o
p
tio

n
s 

w
e

re
 b

as
ed

 o
n

 th
e

 r
e

si
d

e
n

tia
l l

if
e

ti
m

e
 w

e
ig

h
te

d
 a

ve
ra

g
e

 fo
r 

ca
rc

in
o
g
e
n
s 

a
n
d
 th

e
 c

h
ild

 r
e
si

d
e

n
t 

fo
r 

n
o

n
ce

rc
in

o
g

e
n

s 



N
O

T
E

S
: 

E
P

C
 

ex
po

su
re

 p
o

in
t c

o
n

ce
n

tr
at

io
n

 
N

A
 

n
o

t 
ap

pl
ic

ab
le

 
N

D
 

n
o

t d
et

er
m

in
ed

 

Ta
bl

e 
6

.2
.1

 -6
8

 
W

or
ke

r-
B

as
ed

 R
em

ed
ia

l G
o

al
 O

p
tio

n
s 

N
av

al
 B

as
e 

C
ha

rl
es

to
n,

 S
W

M
U

 0
2

0
 S
ur
fa
ce
 S

oi
ls

 
C

ha
rl

es
to

n,
 S

ou
th

 C
ar

ol
in

a 

S
lo

pe
 

U
n

ad
ju

st
ed

 
F

ac
to

r 
E

P
C

 
C

h
em

ic
al

 
(r

ng
1k

gd
ay

)-
1 

TE
F 

m
g

fk
g

 

B
en

ro
(a

)p
yr

en
e 

E
q

u
iv

ab
n

ts
 

7.
3 

1 
0

.8
2

 1 

H
az

ar
d-

B
as

ed
 

R
em

ed
id

 G
oa

l O
p

tio
n

s 
3

 
1

.0
 

0
.1

 

m
g

fig
 

m
g

fig
 

m
g/

k€
l 

N
O

 
N

D
 

N
O

 

R
is

k-
B

sa
sd

 
R

em
ed

ia
l G

o
d

 O
pt

io
ns

 
B

ac
kg

ro
un

d 
1
 E

-0
6 

1E
-0

5 
1

E
4

4
 

C
o

n
ce

n
tr

at
io

n
 

m
g

lk
g

 
m

~
lk

g
 

m
g

k
g

 
m

g
k

g
 

0
.2

9
7

 
2.

97
 

29
.7

 
N

D
 



fa
b

le
 6

.2
.1

 -
6

9
 

R
es

id
en

tia
l-B

ar
ed

 R
em

ed
ia

l G
o

al
 O

pt
io

ns
 

N
av

al
 B

as
e 

C
ha

rl
es

to
n,

 S
M

W
U

 1
21

 S
ur

fa
ce

 S
oi

ls
 

C
ha

rle
st

on
, 

S
ou

th
 C

ar
ol

in
a 

O
ra

l R
fD

 
S

lo
pe

 
U

na
dj

us
te

d 
U

se
d 

Fa
ct

or
 

E
P

C
 

C
he

m
ic

al
 

(m
g

lk
g

-d
ay

) 
(m

g
lk

g
-d

ay
l- 1

 
TE

F 
m

g
lk

g
 

B
e

n
zo

ia
)~

re
n

e
 E
qu

iv
al

en
ts

 
&

ry
#i

um
 

C
hr

om
iu

m
 

Le
ad

 
M

a
n

g
a

m
~

 

M
a

w
 

N
ic

ke
l 

Th
al

liu
m

 
V

an
ad

iu
m

 
Zi

nc
 

H
az

ar
d-

B
as

ed
 

R
em

ed
al

 Q
o

d
 O

pt
io

nr
 

3
 

1 .
o 

m
tJ

k
~

 
m

g
lk

Q
 

N
O

TE
S

: 
EP

C
 

ex
po

su
re

 p
o

in
t c

an
ce

n
tr

at
io

n
 

N
A

 
n
o
t 

ap
pl

ka
bl

e 
N

D
 

n
o

t d
a

tw
m

id
 

- 
ra

m
ed

ia
l g

oa
l o

pt
io

ns
 w

er
e 

b
as

ed
 o

n
 th

e 
re

si
d

en
tia

l l
ife

tim
e 

w
ei

g
h

te
d

 a
ve

ra
ge

 fo
r 

ca
rc

in
og

en
s 

an
d 
th
s 

ch
ild

 r
es

id
en

t 
fo

r 
no

nc
ar

ci
no

ge
ns

 

R
is

k-
B

as
ed

 
R

d
d

 
Q

d
 dp

rr
an

m
 

1
 E
-0

6 
1
 E

4
5

 
1

 E
M

 
m

et
kg

 
m

gk
g 

m
g

k
g

 

B
ac

kg
ro

un
d 

C
on

ce
nt

ra
tio

n 

m
gl

lr
g 



T
ab

le
 6

.2
.1

.7
0 

S
ite

 W
or

ke
r-

B
as

ed
 R

em
ed

ia
l G

oa
l O

pt
io

ns
 

N
av

al
 B

sr
e
 C

ha
rle

ut
on

, 
S

W
M

U
 1

2
1

 S
ur

fa
ce

 S
oi

ls
 

C
ha

rle
st

on
, 

S
ou

th
 C

ar
ol

in
a 

O
ra

l A
fD

 
S

lo
pe

 
U

se
d 

F
ac

to
r 

C
he

m
ic

al
 

(m
g
lk

g
-d

a
y)

 
(m

g
lk

0
d

a
y)

-1
 

A
nt

im
on

y 
A

ro
cl

o
r-

1
2
4
8
 

A
ro

cl
o
r-

1
2
5
4
 

A
ro

cl
o
r-

1
2
6
0
 

A
rs

en
ic

 
B

e
n
zo

[a
lp

yr
e
m

 E
qu

iv
al

en
ts

 
B

er
yl

liu
m

 
C

hr
om

iu
m

 

&
w

r
 

Le
ad

 
M

an
ga

ne
se

 

M
-w

 
N

ic
ke

l 
T

ha
lli

um
 

V
an

ad
iu

m
 

Zi
nc

 

N
O

TE
S

: 
EP

C
 

ex
po

su
re

 p
o
in

t c
on

ce
nt

ra
tio

n 
N

A
 

ro
t 

ap
pl

ic
ab

le
 

N
D

 
n

o
t d

et
er

m
ln

sd
 

TE
F N
 A

 
N

 A
 

N
 A

 
N

 A
 

N
 A

 1
 

N
 A
 

N
 A

 

N
 A
 

N
 A
 

N
 A
 

N
 A
 

N
 A

 
N

 A
 

N
 A
 

N
 A

 

R
is

k-
B

w
sd

 
R

em
ad

id
 G

o
d

 O
p

tl
m

s 
B

ac
kg

ro
un

d 
1
 E

m
 

1 E
-O

S 
1E

-0
4 

C
on

ca
nt

ra
tio

n 

m
~

lk
g

 
l'd

k
e

 
m

g
lk

g
 

m
et

kg
 

U
na

dj
us

te
d 

E
P

C
 

m
g
lk

g
 

8.
85

 
0

.0
8

 
2

.1
0

 
0.

71
 

1
2
.8

7
 

1
.3

2
 

7.
21

 
9

0
.2

 
4

0
6

0
 

1
2

7
0

 
56

0 
3

.6
0

 
9

0
8

 
0.

82
 

2
6

2
 

1
1

1
0

5
 

H
az

ar
d-

B
as

ad
 

R
m

nu
B

d 
Q

o
al

 O
pt

lo
nr

 
3
 

? 
.O

 

w
lk

g
 

m
g
lk

n
 

1 7
4

0
 

6
8

0
 

N
D

 
N

D
 

4
6

 
1
5
 

N
D

 
N

D
 

1
3

0
5

 
4
3
5
 

N
D

 
N

D
 

2
 1

 7
4

5
 

7
2

4
8

 
4

3
4

8
9

3
6

 
1
4
4
9
6
4
6
 

1
6

1
3

4
8

 
6

3
7

8
2

 
N

O
 

N
D

 
6

0
8

8
5

1
 

2
0

2
9

6
0

 
1

3
0

5
 

4
3
5
 

8
6

9
7

9
 

2
8
9
9
3
 

3
4
8
 

If
6

 
3

0
4

4
3

 
1

0
1

4
8

 
1
 3
0
4
6
8
 1

 
4

3
4

8
9

4
 



N
O

T
E

S
: 

E
P

C
 

ex
po

au
re

 p
o
in

t 
co

nc
en

tr
at

io
n 

N
A

 
n

o
t a

pp
lic

ab
le

 

N
D

 
n

o
t d

et
er

m
in

ed
 

- 
re

m
ed

ia
l g

oa
l o

pt
io

ns
 w

er
e 

ba
se

d 
o

n
 th

e
 re

si
de

nt
ia

l l
ife

tim
e 

w
ei

gh
te

d 
av

er
ag

e 
fo

r 
ca

rc
in

og
en

s 
an

d 
th

e 
ch

ild
 r

es
id

en
t f

o
r 

no
nc

ar
ci

no
ge

ns
 

T
ab

le
 6

.2
.1

.7
1
 

I !J 
R

es
id

en
tia

l-B
as

ed
 R

em
ed

ia
l G

oa
l O

pt
io

ns
 

I 

N
av

al
 B

as
e 

C
ha

rle
st

on
, 

A
O

C
 6

4
9
 S

ur
fa

ce
 S

oi
ls

 
C

ha
rle

st
on

. 
S

o
u

th
 C

ar
ol

in
a 

L 

S
lo

pe
 

R
ef

er
en

ce
 

U
na

dj
us

te
d 

F
ac

to
r 

D
os

e 
€P

C
 

C
he

m
ic

al
 

(m
gt

kg
-d

ay
)-

1 
(m

g/
ka

-d
ay

l 
m

g
k

g
 

B
an

to
(a

1p
yr

sn
e 

E
qu

iv
al

en
ts

 
7.

3 
N 

A
 

0
.2

0
2

 

H
az

ar
d-

B
as

ed
 

Fl
sm

6B
.l 

Q
o

d
 O

pt
io

ns
 

0
.1

 
1.
0 

3
 

m
g

lk
9

 
m

u
lk

g
 

m
g

lk
o

 
f 

N
D

 
N
D
 

N
D

 

R
b

k
-B

w
d

 
R

er
n

ed
al

 G
o

d
 O

pt
io

n#
 

B
ac

kg
ro

un
d 

1
 E

-0
6 

1
 E
-0

5 
1E

-M
 

C
on

ce
nt

ra
tio

n 

m
et

kg
 

m
e

h
 

m
gl

kg
 

m
ot

kg
 

0
.0

6
0

 
0.

60
 

6
.0

 
N

D
 

M
er

cu
ry

 
N
 A

 
0

.0
0

0
3

 
6.

9 
2.

18
8 

2
1
.8

8
 

65
.6

 
N

D
 

N
D

 
N

D
 

0.
49

 



N
O

TE
S

: 
EP

C
 

ex
po

su
re

 p
o
in

t 
co

nc
en

tr
at

io
n 

N
A

 
n

o
t 

ap
pl

ic
ab

le
 

N
D

 
no

t d
et

er
m

io
ed

 

Ta
bl

e 
6.

2.
1.

72
 

W
or

ke
r-

B
as

ed
 R

em
ed

ia
l G

oa
l O

p
tio

n
s 

N
av

al
 B

as
s 

C
ha

rle
st

on
, A

O
C

 6
4
9
 S

ur
fa

ce
 S

oi
ls

 
C

ha
rle

st
on

, S
ou

th
 C

ar
ol

in
a 

sl
op

 
R

ef
er

en
ce

 
U

na
dj

us
te

d 

Fa
ct

or
 

D
os

e 
EP

C
 

C
he

m
ic

al
 

(m
g1

kg
da

y)
-1

 
(m

al
kg

-d
ay

1 
W

lk
g

 

8e
n

to
la

)p
ye

n
e 

E
qu

iv
al

an
ts

 
7.

3 
N

 A
 

0
.2

0
2

 
M

er
cw

y 
N

 A
 

0
.0

0
0
3
 

6
.9

 

H
az

ar
d-

B
as

ed
 

R
d

d
 

G
o

d
 O

pt
lo

na
 

0
.1

 
1.

0 
3

 

m
Q

M
 

W
 Ik

g
 

m
Q

fk
Q

 

N
D

 
N

O
 

N
O

 
43

 
43

5 
1

3
0

5
 

R
fs

k-
B

as
ad

 

F
lm

d
d

 Q
o

d
 O

pt
io

ns
 

B
ac

kg
ro

un
d 

1 E
-0

6 
lE

0
6

 
1 E

-0
4 

C
on

ce
nt

ra
tio

n 
m

g
lk

~
 

m
oJ

hJ
 

m
g

k
g

 
m

g
lk

~
 

. 
0

.3
0

 
2.

97
 

2
9

,7
0

 
N

O
 

N
D

 
N

O
 

N
O

 
0

.4
9

 



N
O

T
E

S
: 

EP
C 

e
xp

o
su

re
 p

o
in

t 
co

n
ce

n
tr

a
tio

n
 

N
A

 
n

o
t a

pp
lic

ab
le

 
N

D
 

n
o

t 
d
e
te

rm
in

e
d
 

- 
re

m
e
d
ia

l g
o
a
l o

p
tio

n
s 

w
e

re
 b

as
ed

 o
n

 th
e

 r
e

si
d

e
n

tia
l l

if
e

ti
m

e
 w

e
ig

h
te

d
 a

ve
ra

ge
 f

o
r 

ca
rc

in
o
g
e
n
s 

an
d 

th
e 

ch
ild

 re
si

d
e

n
t 

fo
r 

n
o

n
ca

rc
in

a
g

e
n

s 

fa
b

le
 6

.2
.1

.7
3
 

R
es

id
en

tia
l-B

as
ed

 R
e
m

e
d
ia

l G
o
a
l O

p
tio

n
s 

N
a

va
l B

as
e 

C
ha

rle
st

on
. 

A
O

C
 8

6
0

 S
ur

fa
ce

 S
oi

ls
 

C
ha

rle
st

on
, 

S
o

u
th

 C
a
ro

lin
a
 

S
lo

pe
 

U
n

a
d

ju
st

e
d

 

F
a
ct

o
r 

€P
C

 
C

he
m

ic
al

 
Im

g
/k

g
-d

a
yl

-I
 

TE
F 

m
g

/k
g

 

A
ro

cl
o

r-
1

2
5

4
 

7
.7

 
N

 A
 

0.
4 

1 
B

en
zo

(a
1p

yr
en

e 
E

q
u
iv

a
le

n
ts

 
7
.3

 
1
 

3
.0

7
 

C
op

pe
r 

N
 A

 
N

 A
 

3
5

7
 

H
az

ar
d-

B
as

ed
 

R
em

ed
ia

l &
a
d

 O
p

ti
m

 
3
 

1
 .O

 
0
.1

 

m
g

k
g

 
m

€t
&

g 
m

g
lk

g
 

3.
64

 
1

.2
1

 
0
.1

 2
 

N
O

 
N

O
 

N
D

 
8

1
1

7
 

2
7

0
8

 
2

7
1

 

R
is

k-
B

as
sd

 
R

sr
n

ed
h

l G
o

al
 O

pt
io

ns
 

B
ac

kg
ro

un
d 

1
 E

0
8

 
1

E
6

6
 

I
 E
-0

4 
C

o
n
ce

n
tr

a
tio

n
 

m
g

lk
g

 
m

g
k

g
 

m
0

k
g

 
m

~
lk

tl
 

0
.0

5
7

 
0
.5

7
 

5
.7

 
N

D
 

0
.0

6
0

 
0

.6
0

 
8.

0 
N

D
 

N
D

 
N

D
 

N
D

 
2
7
.6

 



Ta
bl

e 
8
.2

.1
.7

4
 

W
or

ke
r-

B
as

ed
 R

em
ed

ia
l G

oa
l O

pt
io

ns
 

N
av

al
 B

as
e 

C
ha

rle
st

on
, 

A
O

C
 6

5
0

 S
u

rf
ac

e 
S

oi
ls

 
C

ha
rle

st
on

, 
S

ou
th

 C
ar

ol
in

a 

A
ro

cl
o

r-
12

54
 

B
en

xo
(a

1p
yr

en
e 

E
qu

iv
al

en
ts

 

C
op

pe
r 

S
lo

pe
 

U
na

dj
us

te
d 

Fa
ct

or
 

EP
C

 
C

he
m

ic
al

 
(r

n
g

kg
d

ay
l-

1 
TE

F 
m

g
fi

g
 

N
O

TE
S

: 
EP

C
 

ex
po

su
re

 p
oi

nt
 c

on
ce

nt
ra

tio
n 

N
A

 
n

o
t 

ap
pl

ic
ab

le
 

N
D

 
n

o
t d

et
er

m
in

ed
 

H
az

ar
d-

B
as

ed
 

R
em

ed
ia

l G
o

al
 O

p
tio

n
s 

3
 

1
 .O

 
0
.1

 

m
Sl

nc
tl 

W
lk

g
 

m
g

fig
 

R
is

k-
B

aa
ed

 
R

em
ed

ia
l G

oa
l O

pt
io

ns
 

B
ac

kg
ro

un
d 

1
 E

0
0

 
1 E

d
5 

1
 E
-0

4 
C

on
ce

nt
ra

tio
n 

m
g

lk
g

 
m

g
k

g
 

W
lk

g
 

m
g

lk
g

 



ab
le

 6
.2

.1
.7

5 
es

id
en

tia
l-B

as
ed

 R
em

ed
ia

l G
oa

l O
pt

io
ns

 
av

al
 B
as
e 

C
ha

rle
st

on
, S

W
M

U
 9

 S
ha

llo
w

 G
ro

un
dw

at
er

 - F
irs

t Q
ua

rt
er

 
h
a
rk

ta
n
, S

ou
th

 C
ar

ol
in

a 

:o
be

nz
en

a 
ilo

rc
b

m
en

e 
ira

m
lu

m
 (t

riv
el

en
t) 

C
D

kh
kr

ob
en

ze
ne

 
2-

D
ic

hh
oe

th
an

e 
2-

D
kh

br
oe

th
en

e 
(to

ta
l) 

b
y

 
lrl

ur
n 

m
 

nr
id
in
e 

rb
on
 d
isu

rid
e 

:H
P 

pp
er

 
C

W
m

ah
V

lp
he

d 
1,

7,
S

TC
D

O
 e

qu
iv

al
en

ts
 

- (2-c-M- m
ch

bm
yc

kp
en

ta
di

en
e 

d
 

-d
 

M
r

n
 

ra
di

um
 

yl 
cM

or
ida

 

O
ra

l 
In

ha
la

tio
n 

O
ra

l 
In

ha
la

tio
n 

sk
p
e 

S
lo

p
 

R
ef

er
en

ce
 

R
ef

er
en

ce
 

Fa
ct

or
 

Fa
ct

or
 

D
os

e 
D

os
e 

(
m

W
v

b
1

 (
m

W
a

y
)-

1
 

(r
ng

/k
g-

da
y)

 
(m

an
te

da
v)

 

0.
1 

1 
0.

10
8 

N
 D

 
N

 D
 

N
 D

 
N

D
 

0.
02

 
0.

00
57

1 
N

D
 

N
D

 
1 

1 
0.

02
4 

0.
02

4 
0.

22
9 

0.
22

9 
0.

09
1 

0.
09

1 
N

O
 

0.
O

M
S6

 
N

D
 

N
D

 
0.

00
9 

0.
04

 
N

 D
 

N
D

 
0.

00
04

 
0.
00

01
4 

N
O

 
N

D
 

0.
07

 
0.

07
 

0.
02

3 
0.

02
9 

N
D

 
0.

00
17

1 
23

0 
23

5 
0.

00
3 

0.
00

3 
N

D
 

N
D

 
0.1

 
0.

00
28

8 
0.

01
 4 

O
.O

t4
 

0.
02

 
0.

02
 

N
D

 
N

D
 

0.
03

71
 

0.
03

71
 

N
O

 
N

O
 

0.
02

 
0.

02
 

1
 50

00
0 

1 5
00

00
 

N
O

 
N
O

 
N

D
 

N
O

 
0.

1 
0.

28
6 

7.
1 

1.
16

 
N

O
 

N
D

 
N

D
 

N
D

 
0.

00
7 

2E
-0

5 
N

 D
 

N
D

 
N

O
 

N
O

 
N

O
 

N
D

 
0.

05
 

0.
05

 
N

D
 

N
O
 

0.
00

5 
0.

00
5 

0.
12

 
0

.t
2

 
0.

03
 

0.
03

 
N

O
 

N
D

 
0.

00
7 

0.
00

7 
1.

9 
0.

3 
N

O
 

N
O

 

N
O

TE
S

: 
E

P
C

 
ex

po
su

re
 p

oi
nt

 c
om

en
tr

et
ia

n 
N

A
 

no
t a

pp
lic

ab
k 

N
D

 
no

t d
et

er
m

in
ed

 
- 

re
m

ed
ia

l g
oa

l o
pt

io
ns

 w
er

e 
ba

se
d 

on
 th

e 
re

si
de

nt
ia

l li
fe

tim
e 

w
ei

gh
te

d 
av

er
ag

e 
fo

r c
ar

ci
no

ge
ns

 
1
 

an
d 

th
e 

ch
ild

 re
si

de
nt

 fo
r n

on
ca

rc
in

og
em

 
IT

A
L

 
tre

at
m

en
t t

ec
hn

kl
ue

 x
k

n
 le

ve
l 

i 

U
na

dj
us

te
d 

€P
C

 
ma

n 

R
is

k-
B

as
ed

 
R

an
cd

ia
l G

oa
t O

pt
io

ns
 

IE
Q

S
 

1E
Q

S
 

m
an

 
rn

 

O
.M

)0
00

7 
0.

W
00

75
 

N
 A

 
N

 A
 

N
 A
 

N
 A

 
0.

00
14

 
0.

01
4 

0.
00

03
8 

0.
00

36
 

N
 A 

N
 A
 

N
 A

 
N

 A 
N

 A
 

N
 A 

0.
00

1 
1
 

0.
01

 14
 

0.
00

00
00

30
 

0.
00

00
03

0 
N

 A
 

N
 A 

0.
00

47
 

0.
04

7 
N

 A
 

N
A 

N
 A

 
N
A 

4.
42

E
-1

0 
4.

42
E

-0
9 

N
 A 

N
 A
 

0.
00

00
29

 
0.

00
02

9 
N

 A 
N

 A
 

N
 A
 

N
 A 

N
 A

 
N

 A
 

N
A 

N
 A
 

0.
00

05
5 

0.-
 

N
 A 

N
 A
 

0.
00

0W
 

0.
00

03
 

H
az

ar
d

-B
as

td
 

R
em

ed
ia

l G
o

al
 O

pt
lo

ns
 

0.
1 

1
 .o 

3
 

ma
n 

rn
 

m
s/

l 

B
ac

kg
ro

un
d 

1
E

0
4

 
M

CL
 

C
ar

ce
nt

ra
tio

n 
ms

n 
m

a4
 

ma
n 

0.
00

07
5 

N
 A
 

N
 A 

N
 A
 

N
 A
 

N
 A 

N
 A
 

0.
1 

N
 A
 

0.
14

 
0.

07
5 

N
 A

 
0.

03
6 

0.
00

5 
N

 A 
N

 A
 

0.
07

 
N

A
 

N
 A

 
0.

00
6 

N
 A
 

N
 A
 

2 
0.

32
3 

0.
11

44
 

0.
00

5 
N 

A
 

0.
00

00
30

 
N

 A
 

N
 A
 

N
 A
 

NA
 

N
A

 
0.

47
 

N
 A
 

N
 A 

N
A 

1.
3 

(T
T
A

L)
 

NA
 

NA
 

N
 A 

N
 A 

4.
42

E
-0

8 
3

E
0

8
 

N
 A

 
N

 A
 

0.
7 

N
 A

 
0.

00
29

 
N

 A 
N

 A
 

N 
A

 
0.

05
 

NA
 

NA
 

0.
01

 5
 (T

T
A

L)
 

0.
00

47
 

NA
 

N
 A

 
NA

 
N

 A
 

N
 A

 
N

 A
 

0.
05

5 
0.

00
1 

N
 A 

N
 A 

N
 A
 

N
 A
 

0.
00

3 
0.

00
2 

N
 A 

0.
00

1 4
 

N
 A
 

N
 A
 

N
 A
 

0.
12

 
0.

00
89

 
0.

06
9 

0.
21

 
0.

02
4 

1.
56

 
15

.6
 

47
 

0.
00

27
 

0.
17

9 
1.

79
 

5.
37

 
0.

00
68

 
0.

00
4 

0.
04

5 
0.

13
 

0.
00

78
 

0.
01

 1
 

0.
11

5 
0.

34
 

0.
00

89
 

0.
00

06
 

0
.

m
 

0.
02

 
0.

84
 

O
.t
lO

 
1.

10
 

3.
29

 
0.

01
2 

0.
00

3 
0.

02
7 

0.
08

 
0.

03
0 

0.
00

5 
0.

04
7 

0
.i4

 
0.

01
2 

0.
00

4 
0.

04
3 

0
.f

3
 

0.
00

16
 

0.
03

1 
0.

31
3 

0.
94

 
0.

01
7 

0.
05

8 
0.

58
0 

1.
74

 
0.

05
0 

0.
03

1 
0.

31
3 

0.
94

 
2.

80
E

-0
9 

N
 A
 

N
 A 

N
 A 

0.
02

5 
0.

11
6 

1.
16

 
3.

48
 

0.
01

2 
N

 A
 

NA
 

N
 A

 
0.

00
60

 
0.

00
00

3 
0.

00
03

 
0.-

 
0.

01
7 

N
 A

 
NA

 
N

 A
 

0.
00

91
 

0.
07

8 
0.

78
 

2.
35

 
0.

06
8 

0.
00

0 
0.

08
 

0.
23

 
0.

00
19

 
0.

04
7 

0.
47

 
1.

41
 

0.
01

 1
 

0.
01

 1
 

0.
11

 
0.

33
 

0
.

m
 

N
 A
 

NA
 

N
 A

 



k
 6

.2
.1

.7
6 

ke
r-B

as
ed

 R
em

ed
ia

l G
oa

l O
pt

io
ns

 
at 

B
as

e 
C

h
a

ti
d

o
n

, S
W

M
U

 9
 S

ha
llo

w
 G

ro
un

dw
at

er
 - F

irs
t Q

ua
rte

r 
rie

st
on

, S
ou

th
 C

ar
ol

in
a 

be
nz

en
e 

na
bs

nz
cn

e 
W

u
m

 (t
ri

va
kn

t)
 

D
kh

la
ro

bm
nn

e 
D

ic
hb

rc
8t

ha
ne

 
D

ic
hl

or
oc

th
cn

c (
td

al
) 

"'o
w

 
ur

n 
ze

ne
 

zi
di

ne
 

x
x
l 
di

su
lfd

e 
iP

 
pe

r 
D

im
et

hy
lp

he
nd

 
7.

6T
C

O
D

 e
qu

iv
al

en
ts

 
rlb

en
rr

ne
 

2-
C 

hl
w

at
hy

l)e
th

er
 

ac
hk

ro
cy

ck
pm

ta
di

cn
e 

f dh
yl
ph

en
ol

 
eth
yl-
 

t=
h
kr

o
p
h
e
d
 

sd
iu

rn
 

ll c
hl

or
id

e 

O
ra

l 
In

ha
la

tio
n 

O
ra

l 
In

ha
la

tio
n 

sk
p
e 

sl
op

e 
R

ef
er

en
ce

 
R

ef
er

en
ce

 
Fa

ct
or

 
Fa

ct
or

 
D

os
e 

D
os

e 
(m

lll
kg

d
ay

l-1
 

(m
dk

g-
da

y)
-1

 
Lr

na
lk

gd
ay

} 
(m

g/
kg

da
yl

 

0
.1

 1 
0.

10
8 

N
 D

 
N

 D
 

N
D

 
N

O
 

0.
02

 
0.

00
57

1 
N

D
 

N
O

 
1 

1 
0.

02
4 

0.
02

4 
0.

22
9 

0.
22

9 
0.

09
1 

0.
09

1 
N

D
 

0.
00

28
6 

N
 D

 
N

O
 

0.
00

9 
0.

04
 

N
 D

 
NO

 
0.

00
04

 
0.

00
04

 
N

 D
 

N
O

 
0.

07
 

0.
07

 
0.

02
9 

0.
02

9 
N

D
 

0.
00

17
1 

23
0 

23
5 

0.
00

3 
0.

00
3 

N
 D

 
N

D
 

0.
1 

0.
O

M
B

g 
0.

01
4 

0.
01

4 
0.

02
 

0.
02

 
N

D
 

N
O

 
0.

03
71

 
0.

03
71

 
N

 D
 

N
O

 
0.

02
 

0.
02

 
15

oO
M

l 
1 5

00
00

 
N

D
 

N
O

 
N

 D
 

N
O

 
0.

1 
0.

26
6 

1 .
I 

1.
16

 
N
D
 

N
O

 
N

 D
 

N
D

 
0.

00
7 

2E
05

 
N

 D
 

N
O

 
N

D
 

N
D

 
N

 D
 

N
O

 
0.

05
 

0.
05

 
N

 D
 

N
O
 

0.
00

5 
0.

00
5 

0.
12

 
0.

12
 

0.
03

 
0
. W
 

N
 D

 
N

 0
 

0.
00

7 
0.

00
7 

1
.9

 
0.

3 
N

 D
 

N
O

 

N
O

TE
S

: 
E

P
C

 
ex

po
su

re
 p

dn
t c

om
en

tra
tio

n 
NA

 
nd
 a

pp
lic

ab
le

 
N

O
 

na
t 

de
te

rm
in

ed
 

TT
A

L 
tre

at
m

en
t t

ec
hn

iq
ue

 a
ct

io
n 

k
w

l 

U
na

dj
us

te
d 

0.
00

14
 

0.
11

7 
0,

02
4 

0.
00

27
 

0.
00

68
 

0.
00

78
 

0.
00

89
 

0.
84

 
0.

01
 2 

0.
03

0 
0.

01
2 

O
.W

%
6 

0
.0

?
7

 
0.

05
0 

o.
O

O
O

O
O

O
O

M
8 

0.
02

5 
0.

01
2 

0.
00

60
 

0.
01

7 
0.

00
91

 
0.

06
8 

0.
00

19
 

O
.O

t 1
 

0.
02

8 

H
a

za
rd

Ik
s

e
d

 
R

em
ed

ia
l O

ae
l O

pt
lo

ns
 

0.
1 

1.0
 

3 
m

4.l 
n

'a
 

m
vl 

R
is

kS
ar

cd
 

R
am

cd
ia

l G
o

al
 O

pt
io

ns
 

B
ac

kg
ro

un
d 

1E
- 

1E
45

 
1E

-M
 

M
C

L 
C

on
ce

nt
ra

tio
n 

m
an

 
rm

il 
rn

Sn
 

m
gn

 

N
 A

 
N

 A
 

N
 A 

0.
00

0M
3 

0
.0

0
M

3
 

0.
00

23
 

N
 A

 
N

 A 
0.

04
5 

0.
45

 
4.

5 
N

 A 
N

 A 
N

 A
 

N
 A 

N
 A 

10
.2

 
10
2 

10
22

 
N

 A
 

N
 A

 
N

 A
 

0.
1 

N
 A 

1.
17

 
12

.7
 

11
7 

0.
00

43
 

0.
04

3 
0.

43
 

0.
07

5 
N

 A 
0.

02
9 

0.
29

 
2.

9 
0.

00
1 t

 
0.

01
14

 
0.

11
42

 
0.

00
5 

N
 A

 
0.

07
5 

0.
75

 
7.

5 
N

 A 
N

 A 
N

 A 
0.

07
 

N
 A

 
0.

00
41

 
0.

04
1 

0.
41

 
N

 A
 

N
 A

 
N

 A
 

0
.W

 
NA

 
0.

71
5 

7.
15

 
71

.5
 

N
 A 

N
A

 
N

 A
 

2 
0.

32
3 

0.
01

75
 

0.
1 7

48
 

1.
74

78
 

0.
00

38
 

0.
03

6 
0.

36
 

0.
00

5 
N

 A 
0.

03
07

 
0.

30
7 

3.
07

 
0.

00
00

00
92

 
0.

M
30

00
92

 
0.

00
00

92
 

N A
 

N
 A 

0.
02

84
 

0.
28

4 
2.

84
 

N
A

 
N

 A
 

N
 A
 

N
 A
 

N
 A

 
0.

20
44

 
2.

04
 

20
.4

 
0.

01
 48

 
0.

14
8 

1.
48

 
N

 A
 

N
 A 

0.
38

 
3.

79
2 

37
.9

2 
N

 A
 

N
 A

 
NA

 
1.

3 
(T

TA
L)

 
N

 A
 

0.
20

 
2.

0 
20
 

N
 A

 
N

 A 
N

 A
 

N
 A

 
N A

 
N

 A
 

N
 A

 
N

A
 

0.
00

00
00

00
1 4

 0
.0

00
00

00
1 4

 0
.0

00
00

01
 4 

3E
4M

 
NA

 
0.

75
72

 
7.

57
23

 
75

.7
23

3 
N

 A
 

N
 A

 
N

 A
 

0.
7 

NA
 

N
 A

 
NA

 
NA

 
0.

M
X

)l 
0.

00
09

 
0.

00
92

 
N

 A
 

N
 A
 

0
.

m
 

0
.

m
 

0
.

m
 

N
 A

 
N 

A
 

N
 A 

0.
05

 
N

 A
 

N
 A

 
N

A
 

N
 A

 
N

 A
 

N
 A

 
N

A 
0.

01
 5 

(T
TA

L)
 

0.
00

47
 

0.
51

 
5.

1 
51

 
NA

 
N

 A
 

N
A 

N
 A 

N A
 

0.
05

1 
0.

51
 

5.
1 

N A
 

N
 A

 
N

 A
 

N
 A 

N
 A 

0.
3 

3.
1 

31
 

0.
00

17
 

0.
01

73
 

0.
17

31
 

0.
00

1 
N

 A
 

0.
07

2 
0.

72
 

7.
1%

 
N

 A 
N

 A
 

N
 A 

N
 A
 

N
 A 

N
 A

 
N

 A
 

N
 A

 
0.

00
00

9 
0

.
m

 
0.

00
94

 
0.

00
2 

N
 A

 



ab
le

 6
.2

.1
.7

7 
es

kl
en

tia
l-B

as
ed

 R
em

ed
ia

l G
oa

l O
pt

ic
as

 
av

al
 B

as
e 

C
ha

rle
at

on
, S

W
M

U
 9

 S
ha

llo
w

 G
ro

un
dw

at
er

 - S
ec

on
d 

Q
ua

rte
r 

ha
rle

st
on

, S
w

th
 C

ar
di

na
 

hk
ro

ba
nz

en
e 

4D
ih

b
m

b
en

ze
n

e 
2-

D
ic

hl
or

oe
th

an
e 

2-
D

ih
kr

oe
;t

he
ne

 (t
ut

al
) 

et
hy

le
ne

 c
hl

or
id

e 
ic

hk
ro

et
he

m
t 

sr
yl

iu
m

 
m

ic
 

ar
iw

n 
in

m
e

 
dm

iu
m

 
w

 
4-

D
im

et
hy

lp
he

no
l 

~c
ac

hk
ro

be
nz

sn
e 

d
-n

s
 

~x
ad

lk
ro

et
ha

ne
 

ad
 

M
eth

yl-
 

~n
ad

iu
rn

 
ly

l c
hl

or
id

e 

O
ra

l 
In

ha
la

tjo
n 

O
ra

l 
In

ha
la

tio
n 

sl
op

e 
s

b
 

R
ef

er
en

ce
 

Re
fe

r- 
U

na
dj

us
ts

 
Fa

ct
or

 
Fa

ct
or

 
D

os
e 

D
os

e 
€P

C
 

(m
gl

kg
da

y)
-1

 
(r

na
lk

g-
da

y)
-1

 
(rn

gl
kg

-d
ay

) 
(r

ng
lk

gd
ay

) 
rn
d 

N
D

 
N

O
 

0.
02

 
0.

00
57

1 
0.

11
5 

0.
02

4 
0.

02
4 

0.
22

9 
0.

22
9 

0.
00

4 
0.

09
1 

0.
09

1 
N

D
 

0.
00

28
6 

0.
00

7 
N

D
 

NO
 

0.
00

9 
0
.0

4
 

0.
01

2 
0.

00
75

 
0.

00
18

4 
0.

06
 

0.
85
7 

0.
01

5 
0.

01
 1 

0.
00

8 
0.

00
6 

0.
05

71
 

0.
00

3 
4.

3 
0
.W

 
0.

00
5 

0.
05

71
 

0.
00

0 
1.

5 
1.

5 
0.

00
03

 
0.

00
03

 
0.

03
4 

N
D

 
N

D
 

0.
07

 
0.
07
 

1.
03

5 
0.

02
9 

0.
02

8 
N

D
 

0.
00

17
1 

0.
01

1 
N

D
 

N
D

 
0.

00
05

 
0.
00
05
 

0.
00

1 
N

D
 

N
 D

 
0.

03
71

 
0.

03
71

 
0.

01
4 

NO
 

NO
 

0.
02

 
0.

02
 

0.
03

9 
1.

8 
1.

61
 

0.
00

08
 

0.
00
08
 

0.
01

2 
0.

07
8 

0.
07

7 
0.

00
02

 
0.

O
O

M
 

0.
00

2 
0.

01
4 

0.
01

 4 
0.

00
1 

0.
00

1 
0.

00
2 

NO
 

N
D

 
N

O
 

N
O

 
0.

00
8 

N
D

 
N

 D
 

0.
00

5 
0.

00
5 

0.
04

0 
N

D
 

N
D

 
0.

00
7 

0.
00

7 
0.

00
9 

1.
9 

0.
3 

N
O

 
N

D
 

0.
02

7 

H
az

ar
d-

B
as

ed
 

R
em

ed
la

l G
o

al
 O

pt
lo

ns
 

0.
1 

t .
O 

3 
ma

n 
m

g/
l 

0.
00

7 
0.

07
 

0.
21

 
0.

18
 

1.
79

 
5.

37
 

0.
00

45
 

0.
04

 
0.

13
 

0.
01

1 
0
.1

1
 

0.
24

 
0.

09
 

0.
88

 
2.

63
 

0.
00

8 
0.

08
5 

0.
25

 
0

.m
 

0,
07

8 
0
.2

3
 

0.
00

05
 

0.
00

5 
0.

01
4 

0.
11

 
1.

10
 

3.
29

 
0.

00
27

 
0.

03
 

0.
08

 
0.

00
08

 
0.

00
8 

0.
02

 
0.

05
8 

0.
58

 
1.

74
 

0.
03

1 
0.

31
 

0.
94

 
0.

00
08

 
0.

00
8 

0.
02

 
0.- 

0.
00

16
 

0.
00

5 
0.

00
08

 
0.

00
78

 
0.

02
 

N A
 

N
A

 
N

 A
 

0.
00

78
 

0.
08

 
0.

23
 

0.
01

 
0.

11
 

0.
33

 
N

 A
 

N
 A

 
N

 A
 

N
O

TE
S

: 
E

P
C

 
ex

po
su

re
 p

oi
nt

 c
on

cb
nt

ra
tio

n 
N

A
 

no
t a

pp
lic

ab
le

 
N

O
 

no
t d

et
er

m
in

ed
 

- 
re

m
ed

iil
 g

oa
l o

pt
KK
ls
 m

e
 b
aw

d
 o
n 

th
e 

re
si

de
nt

ia
l l

i
m

e
 w
ei

gh
te

d 
av

er
ag

e 
fo

r 
ca

rc
in

og
en

s 
an

d 
th
e 

ch
ild

 r
es

id
en

t f
or

 n
on

ca
rc

im
gm

s 
TT

A
L 

tr
ea

tm
en

t t
ec

hn
iq

ue
 a

ct
io

n 
le

ve
l 

R
ts

k-
B

as
ed

 
R

m
a

d
ia

l G
oa

t O
pt

lo
ns

 
B

ac
kg

rw
nd

 
1
 E

O
g 

IE
-0

5
 

1
E

M
 

M
C

L 
C

on
ce

nt
ra

tio
n 

N
 A

 
N

 A
 

N
 A

 
N

A
 

N
 A

 
0.

00
14

 
0.

01
4 

0.
14

 
0.

07
5 

N
 A

 
0.

00
04

 
0.

00
38

 
0.

04
 

0.
00

5 
N

 A
 

N
 A

 
N
 A

 
N
A
 

0.
07

 
N

 A
 

0.
00

73
 

0.
07

26
 

0.
73

 
0.

00
5 

N
 A

 
0.

00
39

 
0.

03
90

 
0.

39
 

0.
00

5 
N

 A
 

0.
00

00
15

 
O

.M
X1

15
 

0
.
W
1
5
 

0.
00

4 
N

 A
 

0.
00

00
44

 
0.

00
04

4 
0.

00
44

 
0.

05
 

0.
02

79
9 

N
 A

 
N A

 
N

 A 
2 

0.
32

3 
0.

00
11

 
0.

01
14

 
0.

11
 

0.
00

5 
N

A
 

N
 A

 
N

 A
 

N
A

 
0.

M
35

 
N

 A
 

N
 A

 
N

A
 

N
A

 
1.

3 
(T

TA
L)

 
N

 A
 

N
 A

 
N

A
 

N
A

 
N

 A 
N

 A
 

0.
00

00
2 

0
.

m
 

0.
00

2 
0.

00
1 

N
 A

 
0.

00
04

 
0.

00
43

 
0.

04
 

N
A

 
N

 A 
0.

00
24

 
0.

02
37

 
0.

24
 

N
A

 
N

 A
 

N
 A

 
N

 A
 

N
A

 0
.0

15
 (T

TA
L)

 
0.

00
47

 
N A

 
N A

 
N

A
 

N
 A

 
N

 A
 

N
A

 
N

A
 

NA
 

N
 A

 
N

 A
 

O
.M

X
X

)3
 

0.
00

03
 

0.
00
3 

0.
00

2 
N A

 



de
 6

.2
.1

.7
8 

uk
er

-B
as

ed
 R

em
ed

ia
l G

oa
l O

pt
io

ns
 

m
i B

as
e 

C
ha

rle
st

on
, S

W
M

U
 B

 S
ha

llo
w

 G
ro

un
dw

at
er

 - 
S

ec
on

d 
Q

ua
rt

er
 

ar
le

st
on

, S
ou

th
 C

ar
di

na
 

-D
ic

hk
m

et
ha

ne
 

-0
'ic

hk
ro

et
he

m
r (

ta
ta

l) 
th

yl
en

e 
ch

lo
rid

e 
:h

br
oe

th
en

e 
yl

liu
rn

 
en

ic
 

iu
m

 
IZ

m
e 

h
iu

rn
 

v
 

am
ah

yr
ph

en
ol

 
ac

hb
m

bs
nz

en
e 

m
fll

ar
ob

ut
ad

ie
ne

 
B

ch
bm

ah
an

s 
d
 ah
yl

ph
en

ol
 

&
ur

n 
(( 

&
br

id
e 

O
ra

l 
In

ha
la

tio
n 

O
ra

l 
In

ha
la

tio
n 

sl
op

e 
s

b
 

R
ef

er
en

ce
 

R
ef

er
en

ce
 

U
na

dj
us

te
 

F
ac

io
r 

Fa
ct

or
 

D
os

e 
D

m
 

E
P

C
 

(m
g1

kg
da

y)
-1

 
(r

ng
lk

g-
da

y)
-1

 
(m

gl
kg

-d
ay

) 
(m

gl
kg

da
y)

 
m

an
 

N
O

 
N

D
 

0.
02

 
0.

00
57

1 
0
.1

1
5
 

0.
02

4 
0.

02
4 

0.
22

9 
0.

22
9 

0.
00

4 
0.

09
1 

0.
09

1 
N

D
 

0.
00

28
6 

0.
00

7 
N

D
 

N
D

 
0.

00
9 

0.
04

 
0.

01
2 

0.
00

75
 

0.
00

16
4 

0.
08

 
0.

85
7 

0.
01

5 
0.

01
 1
 

0.
00

6 
0.

00
8 

0.
05

71
 

0.
00

3 
4.

3 
0.

00
6 

0.
00

5 
0.

05
71

 
0.

00
0 

1.
5 

1.
5 

0.
00

03
 

0.
00

03
 

0.
03

4 
N

O
 

N
O

 
0.

07
 

0.
07

 
1.

03
5 

0.
02

9 
0.

02
9 

N
D

 
0.

00
17

1 
0.

01
1 

. 
N

O
 

N
D

 
0.

00
05

 
0.

M
30

5 
0.

00
1 

N
 D

 
N

D
 

0.
03

71
 

0.
03

71
 

0.
01

4 
N

D
 

N
D

 
0.

02
 

0.
02

 
0.

03
9 

1.
6 

1.
61

 
0.
00
08
 

0.
00

08
 

0.
01

2 
0.

07
8 

0.
07

7 
0.

00
02

 
0

.
W

 
0.

W
2 

0.
01

 4 
0.

01
 4 

0.
00

1 
0.

00
1 

0.
00

2 
N

O
 

N
O

 
N

D
 

N
D

 
0.

00
6 

N
O

 
N

D
 

0.
00

5 
0.

00
5 

0.
04

0 
N

 D
 

N
D

 
0.

00
7 

0.
00

7 
0.

00
9 

1.
9 

0.
3 

N
O

 
N

D
 

0.
02

7 

N
O

TE
S

: 
€
P
C
 

ex
po

su
re

 p
oi

nt
 c

on
ce

nt
ra

tio
n 

N
A

 
no

ta
pp

lic
aM

s 
N

D
 

n
o

td
e

te
rm

ii
 

TT
A

L 
tre

at
m

en
t t

ec
hn

iq
ue

 a
cd

io
n 

h
e

4
 

H
az

ar
d-

B
as

ed
 

R
em

ed
la

l G
oa

l O
pt

io
ns

 

0.
05

 
0.

45
 

4.
54

 
1.

17
 

11
.7

0 
11

7.
02

 
0.

03
 

0.
29

 
2.

92
 

0.
08

 
0.

75
 

7.
51

 
0.

57
 

5.
73

 
57

.3
1 

0.
06

 
0.

55
 

5.
55

 
0.

05
 

0.
51

 
5.

11
 

0.
00

 
0.

03
 

0.
31

 
0.

72
 

7.
15

 
71

.5
4 

0.
02

 
0.

17
 

1.
75

 
0.

01
 

0.
05

 
0.

51
 

0.
38

 
3.

79
 

37
.9

2 
0.

20
 

2.
04

 
20

.4
4 

0.
00

 
0.

04
 

0.
41

 
0.

00
 

0.
01

 
0.

10
 

0.
01

 
0.

05
 

0.
51

 
N

 A
 

N
 A
 

N
A

 
0.

05
 

0.
51

 
5.

11
 

0.
07

 
0.

72
 

7.
15

 
N

A
 

N
 A

 
N A

 

R
ls

k-
B

as
ed

 
R

em
ed

la
l G

o
al

 O
pt

lo
ns

 
B

ac
kg

ro
un

d 
1
 E

bB
 

IE
O

5
 

1E
-0

4 
M

C
L 

C
on

ce
nt

ra
tio

n 
m

an
 

m
an

 

N
 A

 
N

 A
 

N
A

 
N

 A
 

N
A

 
0.

00
4 

0.
04

3 
0.

43
 

0 
07

5 
N

 A
 

0.
00

1 1
 

0.
01

 1
 

0.
1 1

 
0.

00
5 

N
A

 
N

 A
 

N
 A
 

N
 A

 
0.

07
 

N A
 

6.
02
3 

o
.n

 
2.

3 
0.

00
5 

N
 A

 
0.

01
2 

0.
12

2 
1.

22
 

0.
00

5 
NA

 
0.

00
00

5 
0.

00
04

8 
0.

00
5 

0.
00

4 
N

 A
 

O
.W

O
14

 
0.

00
14

 
0.

01
4 

0.
06

 
0.

02
79

9 
N

 A
 

N
 A

 
N

A
 

2 
0.

32
3 

0.
00

4 
0.

03
6 

0.
35

8 
0.

00
5 

N
 A
 

N
 A

 
N

 A
 

N
 A
 

0.
00

5 
W

 
N

 A
 

N
 A

 
NA

 
1.

3 
(T

TA
L)

 
N

A
 

N
 A
 

N
 A

 
NA

 
N

 A
 

N
 A
 

0.
00

00
8 

0
.m

 
0.

00
8 

0.
00

1 
N

A 
0.

00
13

 
0.

01
3 

0.
13

4 
N

 A
 

N
 A

 
0.

00
7 

0.
07

4 
0.

74
2 

N
 A
 

N
 A 

N
A

 
N

A
 

N
A

 0
.0

1 5
 (T

TA
t)

 
0.

00
47

 
N

 A
 

N
 A

 
N

A 
N

 A
 

N
 A

 
N

 A
 

N
 A

 
N

 A
 

N
 A

 
N

 A
 

0.
00

00
9 

0.
00

09
 

0.
00

9 
0

.m
 

N
 A
 



ab
te

 6
.2

.1
.7

9 
es

id
en

tia
l-B

as
ed

 R
em

ed
ia

l G
ea

l O
pt

io
ns

 
av

al
 B

as
e 

C
ha

rle
st

on
, S

W
M

U
 9

 D
ee

p 
G

ro
un

dw
at

er
 - 

Fi
rs

t Q
ua

rte
r 

ha
rle

st
on

, S
ou

th
 C

ar
ol

in
a 

~r
om

iu
m

 (tr
iv

al
en

t) 
N

D
 

N
D

 
1 

1 
0
.0

1
8
' 

1.
58

4 
15

.6
4 

48
.9

' 
ad

m
iu

m
 

N
D

 
N

D
 

0.
00

05
 

0.
00

05
 

O
.

m
 

0.
00

08
 

0
.

m
 

0.
02

3 
H

bo
nd

is
ut

kb
 

N
O

 
N

D
 

0.
1 

0.
00

28
6 

0.
06

1 
0.

00
43

 
0.

04
3 

0.
13

 
74

~
d

0n
n

 
0.

00
61

 
0.

08
05

 
0.

01
 

0.
01

 
0.

00
24

 
0.

00
78

 
0.

07
8 

0
.n

 
mn

g- 
N
D
 

N
D

 
0

.0
0

5
 

0.
00

5 
0
.8

 
0.

00
78

 
0.

07
8 

o
.n

 
d

iU
m

 
N

 D
 

N
D

 
B

E
-0

5 
8E

-0
5 

0.
16

 
0.

00
01

3 
0.

00
13

 
0.

00
4 

O
ra

l 
In

ha
la

tio
n 

O
ra

l 
In

ha
la

tio
n 

sl
op

e 
S

lo
pe

 
R

ef
er

en
ce

 
R

ef
er

en
ce

 
U

na
dj

us
te

 
Fa

ct
or

 
Fa

ct
or

 
Do

- 
D

os
e 

E
P

C
 

h
e

m
i 

Im
gl

kg
-d

ay
)-

 (m
gl

kg
-d

ay
l- 

(m
ol

ka
da

y 
(m

gl
kg

-d
ay

 
m

gA
 

N
O

T
E

S
: 

E
P

C
 

ex
pu

su
re

 p
oi

nt
 c

on
ce

nt
ra

tio
n 

N
A

 
no

t a
pp

lic
aM

e 
N

D
 

no
t d

eb
m

in
ed

 
- 

re
m

ed
ia

l g
oa

l o
p

h
m

 w
er

e 
b

a
d

 on
 th

e 
re

si
de

nt
ia

l li
fe

tim
e 

w
ei

gh
te

d 
av

er
ag

e 
fa

r 
ca

rc
in

og
en

s 
an

d 
th

e 
ch

ild
 re

si
de

nt
 fo

r 
no

nc
ar

ci
no

ge
ns

 
TT

A
L 

tr
ea

tm
en

t t
ec

hn
iq

ue
 a

ct
io

n 
le

ve
l 

H
az

ar
d-

B
as

ed
 

R
em

ed
la

l G
oa

l O
pt

io
ns

 
0.

1 
1.

0 
3 

m
id

 
m

gc
l 

ma
n 

R
ls

kg
as

ed
 

R
em

ed
ia

l G
o

al
 O

pt
to

ns
 

I E
O

B
 

fE
Q

S
 

1
E

4
4

 
-
 Background 

M
C

L 
C

on
ce

nt
ra

tio
n 
u
 



b
 6

.2
.1

.8
0 

rk
er

-B
as

ed
 R

em
ed

ia
l G

oa
l O

pt
io

ns
 

m
l B

as
e 

C
ha

rle
st

on
, S

W
M

U
 9

 D
ee

p 
G

ro
un

dw
at

er
 - F

ir
st

 Q
ua

rt
er

 
~r

le
st

on
. So

ut
h 

C
ar

ol
in

a 

m
iu

rn
 (t

ri
va

le
nt

) 
N

 D
 

N
O

 
1 

1 
O

.O
IB

I' 
10

.2
 

10
2 

30
7 

N
 A

 
N

 A
 

N
 A

 
0.

1 
N

 A
 

lm
iu

rn
 

N
 D

 
NO

 
0.

00
05

 
0.

00
05

 
0.
00
22
 

0.
00

5 
0.

05
1 

0.
15

 
N

 A 
N

 A
 

N
 A

 
0.

00
5 

N
 A

 
bo

n 
ti

if
fi

d
s

 
N

D
 

NO
 

0
,l

 
0
.
W
2
8
6
 

0.
06

1 
0.

02
8 

0.
28

4 
0.

85
 

N
 A

 
N

 A
 

N
 A 

N
 A
 

N
 A

 
xo

fo
rm

 
0.

00
81

 
0.

08
05

 
0.

01
 

0.
01

 
0.

00
24

 
0.

05
1 

0.
51

 
1.

53
 

0.
00

2 
0.

02
4 

0.
24

 
0.

1 
N

A
 

lg
a-
 

N
D

 
N

O
 

0.
00

5 
0.

00
5 

0.
80

5 
0.

05
1 

0.
51

 
1.

53
 

N
 A

 
N

 A
 

N
 A

 
N

 A
 

6.
08

5 
Ili

um
 

N
D

 
N

O
 

8E
-0

5 
8E

-0
5 

0.
16

 
0.

00
1 

0.
00

8 
0.

02
5 

N
A

 
N

 A
 

NA
 

0.
00

2 
0.

00
76

6 

O
ra

l 
In

ha
la

tio
n 

O
ra

l 
In

ha
la

tio
n 

sl
op

e 
Sl
op
e 

R
ef

er
en

ce
 

R
ef

er
en

ce
 

U
na

dj
us

te
 

Fa
ct

or
 

Fa
ct

or
 

D
os

e 
D

os
e 

€P
C

 
lm

ic
al

 
(m

g
lk

p
d

ay
)-

 (r
ng

lk
g-

da
y)

- (
m

g
/k

g
d

ay
 (

rn
g

lk
g

d
ay

 
m

gf
l 

N
O

TE
S

: 
E

P
C

 
ex

po
su

re
 p
oi
nt
 c

o
n

ce
n

h
ti

o
n

 
N

A
 

no
t a

p
p

ka
b

le
 

N
O

 
no

t d
a

e
r
m

i 
lT

A
L

 
tm

tm
e
n
t t

ec
hn

iq
ue

 a
ct

io
o 

le
ve

l 

H
az

ar
d-

B
as

ed
 

R
em

sd
la

l G
oa

l O
pt

io
ns

 
0.

1 
I
 

3 
m

gA
 

rn
gA

 

W
sk

-B
as

ed
 

~
h

c
d

la
l G
o

al
 O

pt
io

ns
 

B
ac

kg
ro

un
d 

1E
46

 
lE

O
5

 
lE

6
4

 
M

C
L 

C
on

cs
nt

ra
tia

n 
rn

fl
 



ab
le

 6
.2

.1
 .8

1 
!e

si
de

nt
ia

C
B

as
ed

 R
em

ed
ia

l G
oa

l O
pt

io
ns

 
lav

a1
 B

as
e 

C
hP

rle
sb

n,
 S

W
M

U
 9

 D
ee

p 
G

ra
un

dw
lte

r - S
ec

on
d 

Q
u

ar
b

r 
th

a
b

to
n

, S
ou

th
 C

ar
ol

in
a 

N
O

T
E

S
: 

E
P

C
 

ex
po

w
re

 p
oi

nt
 c

on
ce

nk
at

io
n 

N
A

 
no

t a
p

p
l'

ib
k

 
N

O
 

no
td

et
er

m
in

ed
 

- 
re

m
ed

ia
l g

oa
l m

s
 

w
er

e 
ba

se
d 

on
 th

e 
re

si
de

nt
ia

l l
ife

tim
e 

w
ei

gh
te

d 
av

er
ag

e 
fo

r 
ca

rc
in

og
en

s 
an

d 
th
e 

ch
ild

 re
si

de
nt

 fo
r 

no
nc

ar
ci

no
ge

ns
 

O
rp

l 
In

ha
la

tio
n 

Or
al
 

In
ha

la
tio

n 
sl

op
e 

sl
op

e 
R

ef
er

en
ce

 
R

ef
er

en
ce

 
U

na
dj

us
te

 
Fa

ct
or

 
Fa

ct
or

 
D

os
e 

D
os

e 
E

P
C

 
he

m
ic

al
 

(r
m

lk
g-

da
y)

-9
 

(m
g

lb
-d

a
y

tl
 

(m
g

lk
g

d
ay

) 
(m

gr
kg

da
y)

 
m

gn
 

me
n 

m
gi

l 
m

gn
 

H
az

ar
d

g
rs

ed
 

R
em

ed
la

l G
o

al
 O

pt
io

ns
 

0.
1 

1
 .B

 
3 

R
ls

k-
B

as
ed

 
R

ef
n

ed
la

l G
o

al
 O

pt
lo

ns
 

B
ac

kg
ro

un
d 

1 E
O

6 
1E

b
S

 
1E

-0
4 

M
C

L 
C

ur
tc

en
tr

at
io

n 



Ae
 6

.2
.1

.8
2 

rr
k

e
r-

B
d

 R
em

ed
ia

l G
aa

l O
pt

io
ns

 
m

l B
as

e 
C

tw
h

ta
n

, 
S

W
M

U
 9

 D
ee

p 
G

ro
un

dw
at

er
 - S

ec
on

d 
Q

ua
rt

er
 

ar
ks

to
n.

 S
ou

th
 C

ar
ol

in
a 

N
O

TE
S

: 

O
ra

l 
In

ha
la

tio
n 

O
ra

l 
In

ha
la

tio
n 

sl
op

e 
sl

op
e 

R
ef

er
en

ce
 

R
ef

er
en

ce
 

U
na

dj
us

te
 

Fa
ct

or
 

Fa
ct

or
 

D
m

 
D

os
e 

E
P

C
 

E
P

C
 

ex
po

su
re

 p
oi

nt
 c

on
ce

nt
ra

tio
n 

N
A

 
no

t a
pp

lic
ab

le
 

N
D

 
no
t 

de
te

rm
in

ed
 

m
ic

a1
 

(m
gl

kg
&

y)
-l

 
(d

k
g

d
a

y
)-

l 
(~

g
/k

£
lh

y
) (

m
g/

kg
-d

ay
) 

m
gl

l 
m

gn
 

m
an

 
rn

gn
 

m
an

 

H
az

ar
d-

B
as

ed
 

R
em

ed
ia

l G
oa

t O
pt

lo
ns

 
0.

1 
1 .

O 
3 

R
ls

k-
B

as
ed

 
R

em
ed

la
l G

o
al

 O
pt

io
ns

 
B

ac
kg

ro
un

d 
t
E
4
6
 

lE
-0

5 
1E

-M
 

M
C

L 
C

on
ce

nt
ra

tio
n 







Find RCRA Facracrlity lnwtiganion Rcpoft for Zonc H 
N A W E  Qurrleston 

Section 6: &Iscline Risk Assessment 
Juiy 5, 1996 

6.2.2 Baseline Risk Asaament for SWMU 13 

6.2.2.1 Site Background and Investigative Approach 

SWMU 13 was investigated to assess soil and groundwater potentially affected by site activities. 

SWMU 13 is a fmfighting training area, at the northern boundary of Zone H. It includes 

buildings 204, 1303, 1306, 1309, 1310, 1313, 1744, and 1834, mi s e v d  other structures. 

It is used to train personuel in firefighting techniques. Diesel fuel and gasoline are ignited in 

controlled burns in a contained, paved, and bermed area. Water and fuel drain into oil-water 

separators which discharge into the sewer system. Recovered petroleum products are recycled. 

A UST is in the northwest portion of the site. 

Thirty-one surface soil samples from 28 locations were collected and analyzed from SWMU 13. 

Table 6.2.2.1 shows each surface soil sample location and lists the analytical methods used for 

each sample. First- and secondquarter groundwater samples were collected from nine shallow 

monitoring wells and analyzed for parameters similar to those for soil samples, as shown in 

Tables 6.2.2.2 and 6.2.2.3, respectively. 

6.2.2.2 C O X  Identification 

soid 

As shown in Table 6.2.2.4, this IMRA focuses on the following COPCs for soil: cPAHs (as 

BEQs) and heptachlor. The results of the Wilcoxon rank sum test background comparisons of 

inorganic CPSSs that exceeded their corresponding risk-based screening values did not identify 

any additional COPCs. Therefore, the soil COPCs listed above were formally assessed. 

Petroleum hydrocarbons were identified in 10 of 23 surface soil samples reported at 

concentrations ranging between 75 and 730 rnglkg. Concentrations reported at five locations 

exceeded the 100 mg/kg TPH AL established for NAVBASE soil. 
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Groundwater 

As shown in Table 6.2.2.5, no groundwater COPCs were identified at this site based on 

first-quarter groundwater monitoring results. Table 6.2.2.6 shows COPCs identified based on 

the secondquarter groundwater monitoring effort at S W M U  13. The Wilcoxon rank sum 

comparison for SWMU 13 indicated potassium concentrations were above background. 

Beryllium is the only groundwater COPC identified based on second-quarter groundwater 

monitoring data. 

6.2.2.3 Exposure Assessment 

ExposureSettIng 

The exposure setting at S W M U  13 is a firefighting training area. The mostly paved site is at 

the northern boundary of Zone H. The future use of this site is unknown although current plans 

indicate it will be a cargo terminal. 

Potentially Exposed Populations 

Potentially exposed populations are cwrent and future site workers a d  hypothetical future site 

residents. The current site users consist of fmfighting trainees and instructors who use the area 

hfitquently and for a short duration. The hypothetical future site worker scenario assumed site 

workers were continuously exposed to surface soil. A current site user's exposure would be less 

than that assumed for the hypothetical future site worker scenario because limited frequency of 

soil contact. The hypothetical site resident scenario was also included. Exposure projections 

(and resultant RGOs) for the future site worker will conservatively assess RME under current 

site use conditions. 

Exposure Pathways 

Exposure pathways for the site workers are dermal contact and incidental ingestion of surface 

soil. The exposure pathways under the hypothetical future residential land use are the same as 

those for the future site worker. Uniform exposue was assumed for d l  sample locations. In 



Final RCRi Facility Znvestigotim Rqwrlfor Zone H 
NAVBASE Chorlcrton 

Section 6: Bareline Rhk rIsJc95mcnr 
J d y  5, 1996 

addition, the future site worker scenario assumed continuous exposure to surface soil conditions. 

Groundwater was formally assessed for the site worker and hypothetical site resident ingestion 

pathway. Table 6.2.2.7 justifies exposure pathways assessed in this HHRA. 

Exposure Point Concentrations 

More than 10 surface soil samples were analyzed; therefore, UCLs were calculated, and the 

lesser of the maximum reported concentrations or the calculated UCLs was used as the EPC for 

each C O X  in Table 6.2.2.8. Because there are fewer than 10 groundwater monitoring wells 

at SWMU 13, the maximum concentration -- reported for groundwater COPCs was used as the 

EPC for the groundwater pathway. 

Soil 

Table 6.2.2.8 presents the EPCs used in this HHRA for SWMU 13. Tables 6.2.2.9 and 

6.2.2.10 present the CDIs calculated for the incidental ingestion and dennal contact exposure 

pathways, respectively. 

Grvundwater 

Table 6.2.2.1 1 presents exposure estimates for ingestion of shallow groundwater. 

6.2.2.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 6.1.4 of this report. 

Toxicological risk information is summarized in Table 6.2.2.12, and toxicological prof~les are 

presented below for COPCs identified in Section 6.2.2.2. 

PoIymmtk hy&vc&ns include the following COPCs: 

TEF 0.1 

TEF 0.1 
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Beazo(k)fluomthene TEF 0.01 

TEF 1.0 

TEF 0.1 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above bave not been well-established. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their 

carcinogenicity is addressed relative to that of BAP, having an oral SF of 7.3 (mg/kg&y)-1. 

TEFs, also set by USEPA, are multipfiers that are applied to the detected concentrations, which 

are subsequently used to calculate excess cancer risk. Most carcinogenic PAHs have been 

classified as such due to animal studies using large doses of purified PAHs. Tbere is some 

doubt as to the validity of these listings, and the SFs listed in USEPA's RBC Table are 

provisional. However, these PAHs are carcinogens when the exposure involves a mixture of 

other carcinogenic substances (e.g., coal tar, soot, cigarette smoke, etc.). As listed in IRIS 

(search date 6/28/95), the BAP is classified B2 based on insufficient human data specifically 

linking it to a carcinogenic effect. However, multiple animal studies in many species 

demonstrate BAP to be carcinogenic following administration by numerous routes. 

BAP has produced positive results in numerous genotoxicity assays. At the June 1992 CRAVE 

Work Group meeting, a revised risk estimate for BAP was verified. This section provides 

information on three aspects of the carcinogenic risk assessment for the agent in question, the 

USEPA classification, and quantitative estimates of exposure. The classification reflects a 

weight-ofevidence judgment of the likelihood that the agent is a human carcinogen. The 

quantitative risk estimates are presented in application of a lowdose extrapolation procedure and 

is presented as the switching per mg/kgday. The unit risk is the quantitative estimate in terms 

of either risk per pg/L drrnking water or risk per pg/m3 air breathed. The third form in which 
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risk is presented is drinking water or air concentration providing cancer risks of 1 in 10,000 or 

1 in 1 million. The Carcinogenicity Background Document provides details on the 

carcinogenicity values found in W S .  Users are referred to the Oral Reference Dose and 

Reference Concentration sections for information on long-term toxic effects other than 

carcinogenicity. 

As listed in IRIS, the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 classification is based 

on data from animal bioassays. Benzo(b)fluoranthene produced tumors in mice after lung 

implantation, braperitoneal or subcutar~~us injection, and skin painting. Benzo(a)ankacene 

produced tumors in mice exposed by gavage; intraperibneal, s u b c u ~ u s ,  or intramuscular 

injection; aad topical application. Benzo(a)antbcene produced mutations in bacteria and in 

mammalian cells and transformed mammalian cells in cultwe. Equivocal results have been 

found in a lung ademma assay in mice. Bemo(k)fluoranthene is mutagenic in bacteria 

(Klaassen et al., 1986). 

Other PAHs - those not classified by USEPA as carcinogens - are toxic to the liver, k i b y  

and blood. This group of PAHs includes compounds such as pyrene, accrurphthene, 

acrenaphthyiene, benzo(g, h, i)perylcne, and plienanthtcne. USEPA determined RfDs for only 

two of these compounds: pyrene's RfD, is 0.03 mglkgday, arsd this IUD is also used as a 

surrogate RfD, for phenanthrene. The RfD, for acenaphthene was determined to be 

0.06 mgk-day. 

Reptachlor is an insecticide which was used to control flies, mosquitoes, and field insects 

(Dreisbach et al., 1987). USEPA determined this compound to be a class B2 carcinogen, and 

detemined the SFo to be 4.5 (mg/kg-day)-]. As listed in IRIS (search date 6/29/95}, the 

classification is based on hadequate human data, but sufficient evidence exists from studies in 

which benign and malignant liver tumors were i n d u d  in three strains of mice of both sexes. 

Several structurally related compounds are liver carcinogens. The primary target organs for this 
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pesticide are the liver and kidneys, and USEPA determined the RfD, to be 0.0005 mgtkg-day. 

As listed in IRIS, the critical effect of this chemical is liver weight increases in males. The 

uncertainty factor was 300 and the modifying factor was 1. 

Beryllium exposure via the inhalation route can inflame the lungs, a condition known as acute 

beryllium disease, as a result of short-term exposure to high concentrations. Removal from 

exposure reverses the symptoms. Chronic exposure to much lower concentrations of beryllium 

or beryllium oxide by inhalation has been reported to cause chronic beryllium disease, with 

symptoms including shortness of breath, scarring of the lungs, and berylliosis, which is 

noncancerous growths in h lungs of humans. Both forms of beryllium disease can be fatal, 

depending on the severity of the expo-. Additionally, a skin allergy may develop when 

soluble beryllium compounds come into contact with the skin of sensitized individuals (Gradient, 

1991). An oral RfD of 0.0054 mg/kg-day has been set for beryllium based on a chronic oral 

bioassay (rats were the study species) which determined no adverse effect occurs at 

0.54 mgtkg-day . Beryllium has been classified by USEPA as a group B2 carcinogen based on 

animal studies. It has been shown to iraduce lung cancer via inhalation in rats a d  monkeys, and 

to induce osteosamomas in rabbits via intravenous or intramedullary injection. Human 

epidemiology studies of beryllium are considered to be inadequate. As listed in IRIS (search 

date 6/28/95), beryllium has been shown to induce lung cancer via inhalation in rats and 

monkeys d to induce osteosarcom in rabbits via intravenous or intramedullsry injection. 

Human epidemiology studies are inadequate. USEPA set an inhalation SF of 8.4 (mgkg-day)-1 

and an oral SF of 4.3 (mg/kg-day)-'. As listed in IRIS, of this chemical has no adverse critical 

effect. The uncertainty factor was 100 and the modifying factor was 1. The IRIS RfD in 

dnnkhg water is 0.005 mgtkg-day . 

Nap-ne, as well as 2-methylnaphtiralene, are obtained from coal tar and are used as a 

moth repellant and as a synthetic intermediate. The primary effect of naphthalene is on the 

kidneys due to this compound's effect on the blood (Dreisbach et al., 1987). Naphthalene was 
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determined to be a USEPA class D carcinogen (i.e., is not classfied due to insufficient data). 

As listed in IRIS (search date 11/22/95), the classification is based on no human data and 

inadequate data from animal bioassays. Results from the National Toxicology Program (NTP), 

a two-year cancer bioassay (1991), suggest that naphthalene may be more appropriately classified 

as a possible human carcinogen (Group C under current USEPA guidelines). The NTP 

concluded, "Under the conditions of these two-year studies, there is no evidence of carcinogenic 

activity of naphthalene in male B6C3F1 mice exposed by inhalation to concentrations of 10 or 

30 ppm for six hours daily, five days per week, for 103 weeks. There was some evidence of 

carcinogenic activity of naphthalene in female K 3 F 1  mice, as indicated by the increased 

incidences of puImona~~ alveolar/bronchiolar adenomas." USEPA determid tk IUD, to be 

0.04 mgtkgday, which was withdrawn from IRISIHEAST. 

The Wilcoxon rank sum comparison for SWMU 13 potassium concentrations indicated onsite 

potassium concentrations are elevated with respect to background. Magnesium, potassium, iron, 

calcium, and sodium are all essential nutrients. These elements were eliminated from formal 

assessment because they are essential elements. These nutrients would be expected to be 

indigenous to the soil. In vitamin supplements, 100,40, 18, and 162 mg are the daily doses for 

magnesium, potassium, iron, and calcium, and approximately 70 mg of sodium is found in the 

typical soda. 

6.2.2.5 Risk Charackrization 

surf8~e Soil 

Exposure to surface soil onsite was analyzed under both residential and industrial (site worker) 

scenarios. For each scenario, the incidental ingestion and dermal contact exposwe pathways 

were evaluated. For noncarcinogenic c o h t s  evaluated for future site residents, hazard 

was computed separately to address child and adult exposure. Tables 6.2.2.13 and 6.2.2.14 

present the computed carcinogenic risks W o r  HQs associated with the incidental ingestion of 

and dermal contact with site d a c e  soil. 
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Hypothetical Site Residtnts 

The ingestion ILCR (based on the adult and child lifkthm weighted average) for SWMU 13 

surface soil is 8E-7. The dermal pathway IJ.,CR is 4J2-7. Carcinogenic PAHs (as BEQs) were 

the primary contributor to ILCR for each pathway. Heptachlor accounted for approximately one 

order of magnitude less than the ILCR estimated for BEQs. 

The computed HI for the adult resident was 0.00003 for the soil ingestion pathway. The 

computed HI for the cud ingestion pathway was 0.0003. The dermal contact pathway HIS were 

0.00003 and 0.00009 for both the adult resident and the child resident. The only contributor to 

hazard for either soil pathway was heptachlor. 

Hypothetical Site Workers 

Site worker ILCRs are 9E-8 and 2E-7 for the ingestion and dermal contact pathways, with 

cPAHs (as BEQs) as the primary contributor to ILCR for each pathway. HeptachIor accounted 

for approximately one order of magnitude less than the ILCR estimated for BEQs. The HIS for 

the ingestion and dermal pathways were 0.00001 and 0.00002 for the site worker scenario, and 

the sole contributor to the HIS was kptachlor. 

The reported hits for BEQs were either from samples collected within 2 feet of an asphalt area 

or directly beneath the asphalt. PAHs are components of asphalt, and asphalt could contribute 

to tbe equivalent concentrations reported beneath or near the asphalt area. In addition, a fence 

cufiently prevents frequent trespass, aad only workers engaged in short-term activities would 

be likely to enter the area. 

Groundwater 

Exposure to shallow groundwater was evaluated under both residential and industrial (site 

worker) land use scenarios. For these scenarios, the incidental ingestion exporn was 

considered. For nox.arcinogenic chemicals evaluated for future site residents, HQs were 
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computed separately to address children and adults. Table 6.2.2.15 presents the estimated 

carcinogenic risk and noacarcinogenic HQs associated with the potable use ingestion of shallow 

groundwater. 

F U r e  Site Residenfs 

The projected ingestion-related ILCR from shallow groundwater was estimated to be 1E-5. The 

HIS for adult and child residential receptors were estimated to be 0.001 and 0.003, respectively. 

Beryllium was the sole contributor to both the ILCR and HIS, a d  was reported in only one 

monitoring well. 

&turn Site WorRers .-. 

The projected ingestion related ILCR from shallow groundwater was 5E-6, and the site worker 

HI was estimated to be 0.0004. Beryllium was the sole contributor to both the ILCR and HIS. 

Current Site Workers 

Shallow groundwater is not m n t l y  a potable water source for SWMU 13 or other areas of 

Zone H. In the absence of a completed exposure pathway, na threat to human health is posed 

by reported shallow groundwater contamination. 

COCs Identified 

COCs were identified based on cumulative (all pathway) risk and hazard projected for this site. 

USEPA has established a generally acceptable risk range of 1E-4 to 1M, and an HI threshold 

of 1.0 (unity). In Zone H HHRAs, a COC was considered to be any chemical contributing to 

a cumulative risk level of 1E-6 or greater and/or a cumulative HI above 1.0, if its individual 

ILCR exceeds 1E-6 or its HQ exceeds 0.1. For carcinogens, this approach is relatively 

conservative, because USEPA Region IV recommends a cumulative risk level of 1E-4 (and 

individual ILCR of 1E-6) as the trigger for establishmg COCs. Tk COC selection algorithm 

provides a more comprehensive evaluation of chemicals contributing to carcinogenic risk or 
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noncarcinogenic hazard during the RGO development process. The soil e p m  scenarios were 

maintain4 in both instances. However, as described previously, the cumulative risk threshold 

used to idem COCs in this HHRA (IE-6) is two orders of magnitude more conservative. 

Su@hce Soil 

Hypothetical Site Residents (Future Land Use) 

No risk- or hazard-based COCs were i-ed for the hypothetical site resident scenario. 

Hypothetical -. Site Workers (Current Land Use) 

No risk or hazard-based COCs were ide11~ed for the hypathetid site worker scenario. 

Gmundwater 

Hypothetical Site Residents (Future Land Use) 

Beryllium was idenaed as a COC for this scenario based on its contribution to riskfhazard. 

Hypothetical Site Workers (future land use) 

Beryllium was idef ied  as a COC for this scenario based on its contribution to r W M .  

Due to the limited extent of identified shallow groundwater impacts, graphical presentation of 

risk projections for SWMU 13 groundwater was determined to be of limited use. Instead, the 

extent of the COC is briefly discussed below. Beryllium was detected in one second-quarter 

shallow groundwater sample. The third- and fourthquarter results will conlFm whether 

beryllium is present in shallow groundwater. This review will facilitate responsible and sound 

risk management decisions. 
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6.2.2.6 Risk Uncertainty 

Characterization of Exposure Setting and Identir~cation of Expuswe Pathways 

The potential for bigh bias is introduced through the exposure setting and pathway selection due 

to the highly-conservative assumptions (i.e., future residential use) recommended by USEPA 

Region TV when assessing potential future and current exposure. The exposure assumptions in 

the site worker scenario are highly protective and would tersd to overestimate exposue. Current 

site workers are not exposed to site groundwater, and they are infrequently exposed to surface 

soil when walking across exposed soil at the site. Approximately 90% of the site is paved. 

Firefighter trakes would not be expected to work onsite in contact with a f f d  media for eight 

hours per day, 250 days per year, as assumed in the exposure assessment, and the duration of 

training activities is much less than 25 years. Using the site for training drills 52 days per year 

would reduce exposure frequency 80% relative to the default site worker assumptions. In 

addition, less than eight hours per day are required to complete training drills. As a result, 

estimated exposure would be proportionately reduced. 

Residential use of the site would not be expected, based on current site uses and the nature of 

the surrounding buildings. SWMU 13 is a firefighting training area. Cment base reuse plans 

call for a cargo terminal. If this area were to be used as a residential site, the buildings would 

be demolished, and the surface soil conditions would likely change. Consequently, exposure to 

current surface soiI conditions would not be likely under a true future residential scenario. 

These factors Mate that exposure pathways assessed in this HHRA would generally 

overestimate the risk and hazard posed to current site workers and future site residents. 

Shallow groundwater is not currently used at SWMU 13 for potable or i n d W  purposes. A 

basewide system supplies drinking ad process water to Zone H buildings. This system is to 

remain in operation under the current base reuse plan. As a result, shallow groundwater use 

would not be expected under future site use scenarios. Therefore, the scenario established to 
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project xiskmazard associated with shallow groundwater exposure is highly conservative, and 

associated pathways are not expected to be completed in the future. 

Detednation of Exposwc Point Concenlduns 

Based on the guidance provided by USEPA and discussed in Section 6.1.4.4 of this report, EPCs 

are used to estimate CDI. The uucertainty associated with EPCs primarily stems from their 

statistical determination (UCLs) or imposition of rmximum concentrations. 

Soil 

BEQs reportedly exceeded the residential RBC at three sample locations: 013SB005,013SB008, 

and 013SB017. Likewise, heptachlor concentrations reportedly exceeded the residential RBC 

at two sample locations, 013SB006 and 013SB019. EPCs at these IOCB~~OIIS are underestimates 

relative to the UCL. The UCL was calculated assuming sitewide exposure, as the data do not 

clearly define a hot spot. 

G m m a i e r  

Beryllium exposure was estimated using tbe maximum reported concentration, and therefore, risk 

is calculated based on fhe maximum reported concentration is likely an overestimate. 

lhquency of Detection and Spatial Didbution 

BEQs and heptachlor were detected in three of 23 and two of 23 surface soil samples analyzed 

for these compounds, respectively. The limited frequency of detection suggests that the 

compounds are not widespread at SWMU 13. BAP accounted for approximately 80% of the 

equivalent concentrations, and PAHs were reported in only three of 23 samples. By imposing 

the UCL, RME was estimated for this site. If the fraction ingested from con-ted source 

(based on the frequency of detection for each COPC) were considered in the exposure 

calculations at this site, the risk estimates for surface soil and groundwater would be significantly 
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less. However, based on the distribution of the reported comntrations, no hot spot was clearly 

evident, and hot spot analysis was not performed. 

TPH results reported in site soil (75 to 730 mgkg) exceeded the NAVBASE soil thteshold of 

100 mglkg. No groundwater sample contained detectable concentrations of TPH. The absence 

of TPW in groundwater indicates the shallow aquifer is sufficiently protectecl under current 

conditions with respect to soil-to-groundwater cross-media transport of TPH constituents. 

Beryllium was reported in only one of nine second-quarter groundwater samples analyzed, and 

the maximum concentration was used to estimate exposure. Imposing the maximum reported 

concentration overestimates exposure because low detection frequency compounds are not 

distributed equally across the site. 

Quantification of RisWHszard 

As indicated by the discussions above, uncertainty is inherent during the risk assessment process. 

In addition, many site-specific factors have affected the uncertainty of this assessment that would 

upwardly bias the risk and hazard estimates. Exposure pathway-specific mums of variability 

and uncertainty are discussed below. 

Soil 

Of the CPSSs eliminated from formal assessment because they do not exceed the corresponding 

RBCs, none was reported at a concentration within 10% of its RBC. This minimizes the 

likelihood of potentially cumulative risk/- with respect to the eliminated CPSSs. 

Concentrations of aluminum, arsenic, beryllium, and manganese e x d  their corresponding 

RBCs, but none of the maximum .concentrations exceeds the corresponding reference 

concentration. Therefore, they were eliminated from formal assessment based on comparisons 

to the reference co~pcentrations because they do not contribute to excess riskfhazard onsite. 
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Although future land use at this site is unknown, both the worker and residential exposure 

scenarios were assessed in this HHRA. As previously discwed, these scenarios would likely 

overestimate risk and/or hazard. 

Gmundwatcr 

No COPCs were identifd for this exposure pathway based on the f m t q w k r  screening 

comparisons. However, 2-methylnaphthalene and beryllium were identified as COPCs based 

on second-quarter groundwater sampling. Of the CPSSs eliminated from formal assessment 

because they do not exceed the co r r e spom RBCs, none was reported at a concentration close 

to its RBC. This minimizes the likelihood of potentially significant cumulative r i s k h z d  with 

respect to the eliminated CPSSs. Mangaaese and arsenic concentrations exceed the 

corresponding RBCs, but these elements do not exceed the corresponding reference 

concentrations. Therefore, manganese and arsenic were eliminated from formal assessment 

based on comparison to the comsporading reference concentrations because they do not 

contribute to excess riskhazard onsite. 

As a measure of variability, CT Bnalysis was performed for soil and groundwater. Exposure 

assumptions were modified to reflect the 50th percentile rather than the 95th, and EPCs were 

not modified. In accordance with Superfirnd's S t h r d  Default fiposure Factors for the Central 

Tendency and Reasonable Maximum Exposure-Dra# (USEPA, November 19931, the exposure 

duration of site residents were reduced from 30 to nine years, two years for child exposure, and 

seven years for adult exposure. Exposure frequency was reduced from 350 to 2 s  for site 

residents and from 250 to 219 for site workers. The drinkrng water ingestion rate for an adult 

was reduced fhm 2 to 1.4 liters per day, and exposure to groundwater was reduced by 25% to 

account for other water sources. J3ased on CT, the shallow groundwater-related risk (incidental 

ingestion) would be approximately 2E-6, and the CT estimate for the worker would be 6E-7. 

HI estimates are below 1 .O. Tables 6.2.2.16 and 6.2.2.17 present the CT CDI and risklhazard 

for the ingestion of groundwater exposure pathway, respectively. 
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6.2.2.7 Risk Summary 

The risk and hazard posed by contaminants at SWMU 13 were assessed for the hypothetical 

RME site worker and the hypothetical future site resident. In surface soil, the incidental 

ingestion and dermal contact pathways were assessed in this HHRA. Ingestion was evaluated 

for shallow groundwater based on fist- and second-quarter groundwater monitoring data. 

Table 6.2.2.18 summarizes the risk summary for each pathwaylreceptor group evaluated for 

SWMU 13. 

6.2.2.8 Remedial Goal Options 

Soil 

No COCs were identified for soil exposure pathways, and therefore, no RGOs were calculated. 

Groundwater 

RGOs were calculated for ingestion of shallow groundwater. RGOs calculated for the site 

resident and site worker are presented in Tables 6.2.2.19 and 6.2.2.20, respectively. 
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Table 6.2.2.7 
Ehposwe Pathways Summary -- SWMU 13 

Navd Base Chnrleston 
Charkston, South carolinn 

Poten~Exposed  MtdhmnndExpmure PathwnySekcted 
Population Pathway for Evaluation? Reamm for SekxUon or E;xchubn 

Soil, Dermal contact Yes 

-- 

Soil, Incidental ingestion Yes Current soil conditions were assessed for 
the future site worker mdAypotht~ 
reskkntinl scenarios. However, my future 
commction activities would likely include 
clean soil being placed on top of current 
surface soils. 

Curtent soil conditions were assessed for 
the futun site worker and hypothetical 
residential scaubs. However, my future 
comtruction activities would likely include 
clan soil being plnced on top of current 
surface soils. 

Wild game or domestic 
animals, Ingestion of 
tissue impacted by media 
contamhation 

Fruits and vegetables. 
Ingestion of plant tissues 
grown in media 

.#< 

No HuntinglCrking of game &or raising 
livestock is prohibited withiu the city 
limits. 

The potential for significant exposure via 
this pathway is low relative to that of other 
exposure pathways assessed. 
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6.2.3 Baseline Risk Assessment for Combined SWMU 14 (Including SWMU IS and 
AOCs 669, 670 and 684) 

6.2.3.1 Site Background and Investigative Approach 

This site's soil and groundwater were assessed for potential effects of past site activities. This 

S W  includes a former chemical disposal area, the site of a former propane-fued incinerator, 

and three weapons f h g  ranges (one still active). No specific sampling was performed at 

Soil 

SW3MLI 14 

Samples were collected from Mace soil (0 to 1 foot deep) at 13 locations. Table 6.2.3 .-.I lists 

surface soil sample loeations and analytical methods used. The G b e r  of soil samples differs 

for various analytes because specific groups of analytes were targeted at certain sample 

locations, as shown in Table 6.2.3.1. 

s m  15 

Samples were collected from surface soil at 10 locations. Table 6.2.3.2 lists surface soil sample 

locations and analytical methods used. The number of soil samples differs for various aaalytes 

because specific groups of analytes were targeted at certain sample locations, as shown in 

Table 6.2.3.2. 

AOC 670 

Samples were collected from surface soil at 36 Iocations. Table 6.2.3.3 lists d a c e  soil sample 

locations and analytical methods used. The number of soil samples differs for various Bnafytes 

because specific groups of analytes were targeted at certain sample locations, as shown in 

Table 6.2.3.3. 
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Sediment was sampled at two locations at AOC 670. Sediments at AOC 670 are infrequently 

covered with water a d ,  as a result, tbey are addressed within the soil pathway risk assessment. 

AOC 684 

Samples were collected from surface soil at 45 locations. Table 6.2.3.4 lists surface soil sample 

locations and analytical methods used. The number of soil samples differs for various analytes 

because specific groups of analytes were targeted at certain sample locations, as shown in 

Table 6.2.3.4. 

Sediment was also sampled at two locations. Sediments at AOC 684 are infrequently covered 

with water and, as a result, t h y  are addressed within the soil pathway risk assessment. 

Groundwater 

sitewide 

Groundwater samples were collected h m  five shallow and five deep monitoring wells for both 

first- and second-quarter monitoring rounds and analyzed for parameters similar to those 

analyzed for soil samples. Shallow groundwater sample locations and analytical methods for the 

fmt and second quarters m listed in Tables 6.2.3.5 and 6.2.3.6, respectively. Deep 

groundwater sample locations and analytical methods for the first and second quarters are listed 

in Tables 6.2.3.7 and 6.2.3.8. 

6.2.3.2 C O X  Identification 

Soil 

SWMU 14 

The following COPCs were identified at SWMU 14 for the surface soil exposure pathways: 

aluminum, BEQs, chromium, and lead. Results of the Wilcoxon rank sum test indicate that the 

data for five inorganics - arsenic, beryllium, manganese, thallium, and vanadium - are 

significantly higher than background in surface soil at SWMU 14, and should be included as 
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COPCs in this HHRA. TPH was identified in one of nine samples at a concentration of 

150 rnglkg, which exceeds the soil AL of 100 mg/kg. 

s m  I S  

The following COPCs were identified at SWMU 15 for the surface soil exposure pathways: 

arsenic and BEQs. Results of the Wilcoxon rank sum test indicate that the inorganic manganese 

is significantly hlgher than background in surface soil at SWMU 15 and should be ioc1uded as 

a COPC in this HHRA. 

AOC 670 

The following COPCs were identifiled at AOC 670 for the surface soil exposure pathways: 

antimony, arsenic, BEQs, lead, and thallium. Results of the Wilcoxon rank sum test indicate 

that data for six inorganics - aluminum, beryllium, chromium, manpanme, nickel, and 

vanadium - are significantly higher thaa background in surface soil at AOC 670, and should 

be induded as COPCs in this HHRA. Indeterminate lubricating oil (a petroleum hydmarbon) 

was identified in one of nine samples analyzed at a concentration of 150,000 pglkg, which 

ex& the NAVBASE AL of 100 mglkg. 

Based on the screening comparisons for sediment discussed in Section 4 of this report, the soil 

COPCs mentioned above are consistent with those identified in AOC 670 sediment. Sediment 

COPC concentrations were also comparable. As a result, sediment exposures were not evaluated 

separately and soil pathways results should be considered applicable to site sediment. 

AOC 684 

The following COPCs were identified at AOC 684 for the surface soil exposure pathways: 

a . o n y  , Aroclors-1254 and 1260, arsenic, BEQs , beryllium, 7,12dimethyibeaz(a)anthracem, 

and thallium. Results of the Wilcoxon rank sum test indicate that the inorganic v d u m  is 

siwcantly higher than background in surface soil at AOC 684 and should be included as a 
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COPC in this HHRA. TPH was identified in nine of 24 samples analyzed at concentrations 

ranging from 63 to 7,700 mg/kg , compared to the soil AL of 100 mglkg . 

The COPCs mentioned above were consistent with those identified in AOC 684 sediment. 

Sediment COPCs concentrations were also comparable. As a result, sediment exposures were 

not evaluated separately, and soil pathways results should be considered applicable to site 

sediment. TPH was also identified in both sediment samples analyzed at concentrations ranging 

from 780 to 2,100 mglkg. 

Groundwater 

SitewSde 

As shown in Table 6.2.3.13, the COPCs identified in shallow groundwater for this combined 

site based on fmtqumter results are TEQs and BEHP. Secondquarter results, presented in 

Table 6.2.3.14, identified aluminum, chromium, lead, and vad ium as COPCs. Results of the 

Wilcoxon rank sum test indicate that the data for manganese are significantly higher than 

background in shallow groundwater, supporting its inclusion as a COPC in this HHRA. 

As shown in Table 6.2.3.15, the COPCs identified in deep groundwater for this combined site 

based on firstquarter results are barium, cadmium, carbon disulfide, chloroform, TEQs, BEHP, 

heptachlor epoxide, and thallium. Secondquarter results, presented in Table 6.2.3.16, identified 

cadmium as the sole COPC. No additional COPCs were identified for deep groundwater as a 

result of the Wilcoxon rank sum test. 

6.2.3.3 Ekposure Assessment 

-Setting 
The exposure setting at combined SWMU 14 is an area near the southern end of NAVBASE, 

where several sites are either adjacent to or occupy common tracts of land. Combined 

SWMU 14 includes a former chemical disposal area where miscellaneous chemicals and 
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"warfare decontaminating agentsn were buried. This area also includes the former site of a 

propane-fired incinerator (SWMU 15), which was reportedly used from 1983 to 1992 to destroy 

classified documents. Only the concrete slab and propane tank saddles remain. 

Combined SWMU 14 also includes three weapons finng ranges. Ttbe current d o o r  pistol range 

(AOC 669) was constructed in 1981 in Building 1888. Lead bullets are trapped by a steel bullet 

trap which is emptied weekly, into sealed 55-gallon d m ,  staged on a concrete pad adjacent 

to the building, and removed from the AOC within 72 hours. Formerly, lead waste was 

discarded into thesewer system via floor drains that have since been sealed. 

The former outdoor pisto1 range (AOC 684) and outdoor traplskeet range (AOC 670) were 

operated until 1981 and the late 1 9 7 0 ~ ~  respectively. LRad bulletstshot and broken clay targets 

were not recovered. 

Combinad SWMU 14 is within an area of Zone H scheduled to become part of a marine 

industrial park and intermodal railyard, according to c-t base reuse plans. 

PdentiaUy Exposed Populatiom 

Potentially exposed populations include current and future site workers. Additional potentially 

exposed popuIations are the instructors and trainees who use the indoor pistol range in Building 

1888 and hypothetical future site residents. Because many traditional activities at NAVBASE 

have ceased or are expected to cease in the near future, m n t  site workers were not 

specifically addressed in the formal assessment. Due to the lack of information regarding the 

specific functions that will be performed by future site workers, a standard default scenario was 

developed for these individuals. A similar approach was applied for future site residents. 
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Exposure Pathways 

Exposure pathways for future site workers and site residents were based on an evaluation of the 

impacted media identified at SWMU 14. Relative to the soil matrix, incidental ingestion and 

dermal contact were considered as viable exposure pathways. Two distinct water-bearing zones 

(shallow and deep) exist at SWMU 14. Ingestion of COPCs identified in shallow groundwater 

were assessed in this HHRA. No volatile COPCs were identified in the shallow aquifer. For 

deep groundwater, ingestion and inhalation exposure pathways were evaluated. Sediment from 

shallow drainage swdes was sampled at AOCs 670 and 684. Because these areas seldom retain 

standing water, exposure conditions/pathways would not be expected to differ from those of 

d a c e  soil. As a result, no specific exposure pathways scenarios were developed. The CDIs 

computed for d a c e  soil and the respective AOC should be consicked to be representative of 

related sediment exposure. Uniform exposure was assumed for all sample locations. 

Table 6.2.15.17 presents the exposure pathway selection process and justifies each pathway 

evaluated. 

Exposme Point Concentrations 

UCLs were calculated for datasets with at least 10 samples. Surface soil EPCs for SWMU 14 

and AOCs 670 and 684 are based on UCLs. Calculations are shown in Tables 6.2.3.18, 

6.2.3.19, and 6.2.3.20. Fewer than 10 samples delineate the extent of CPSS in SWMU 15 

surface soil, and the maximum reported concentrations were used as EPCs at this site. EPCs 

for shallow and deep groundwater are based on the maximum reported concentrations as only 

five monitoring wells are installed in each aquifer. 

Quantification of Exposam 

Soil 

SWMV 14 

CDIs for ingestion and dermal contact with SWMU 14 d a c e  soil are shown in Tables 6.2.3.21 

and 6.2.3.22, respectively. 
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CDIs for ingestion and dermal contact with SWMU 15 surface soil are shown in Tables 6.2.3.23 

and 6.2.3.24, respectively. 

AOC 670 

CDIs for ingestion and d e d  contact with AOC 670 surface soil are shown in Tables 6.2.3.25 

and 6.2.3.26, respectively. 

AOC 684 

CDIs for ingestion and dermal contact with AOC 684 surface soil are shown in Tables 6.2.3.27 

and 6.2.3.28, respectively. 

Groundwater 

Sdewidc 

CDIs for shallow groundwater ingestion are presented in Table 6.2.3.29. CDIs for deep 

groundwater ingestion/inMation are presented in Table 6.2.3.30. 

6.2.3.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 6.1.5 of this report. 

Table 6.2.3.3 1 summarizes toxicological risk information for the COPCs identified at combined 

SWMU 14. The following are toxicological profiles for each COPC identified at combined 

SWMU 14. 

Hep&chlor is an insecticide which was used to control flies, mosquitoes, and field insects. 

USEPA &te& this compound to be a c h s  B2 carcinogen, and determined the SF, to be 

4.5 (mg/kg-day)-1. As listed in IRIS (search date 6/29/95), the classification is based on 

inadequate human data, but sufficient evidence exist from studies in which benign and malignant 

liver tumors were iraduced in three strains of mice of both sexes (Dreisbach et al., 1987). The 
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primary target organs for this pesticide are tbe liver and kidneys, and USEPA determined the 

RfD, to be 0.0005 mgtkg-day. As listed in IRIS, the critical effect of this cbemical is liver 

weight increases in males. The uncertainty factor was 300 and the modifying factor was 1. 

Hepaachlor epoxide is the more toxic form of the insecticide heptachlor. Benign and malignant 

liver tumors were induced in three strains of mice of both sexes. Heptachlor epoxide has been 

linked to liver carcinoma (Dreisbach et al., 1987). USEPA determined this compound to be a 

class B2 carcinogen, and determined the SF, to be 9.1 (mgkg-day)-1. The primary target organs 

for this pesticide are tbe liver and kidneys, and USEPA detemhd the RfD, to be 

1.3E 5 mg/kg-day . 

Tircrllium is readily absorbed through the gut a d  skin. Primary effects are stomach and bowel 

disturbances, kidney and liver damage, and neum1ogical disturbances. Thallium was used as 

a rodenticide and ant killer, which is now prohibited. This element remains in the body for a 

relatively long time, and could accumulate if the chronic dose is large. USEPA's RfD, for 

thallium is 0.00008 mg/kg-day (Waassen et al., 1986; Dreisbach et al., 1987). 

Aluminum is one of the most abundant metals in the earth's crust (7% aluminum), and it is 

ubiquitous in air and water, as well as soil. This metal is water-soluble, silvery, and ductile, 

which suggests its usefulness in many processes. Ingesting aluminum can affect the absorption 

of other elements w i t h  the gastrointestinal tract and can alter intestinal fbnction. Aluminum 

can interfere with the absorption of essentiaI nutrients and cholesterol. Another effect on the 

gastrointestinal system is the inhibition of acetylcholine-induced contractions, which are part of 

the neuro-muscular system controlling bowel muscles. The effect could explain why aluminum- 

containing antacids often produce constipation. Aluminum dust is moderately flammable and 

explosive in heat. Inhaling this dust can cause fibrosis (aluminosis) (Khassen et al., 1986; 

Dreisbach et al., 1987). No data are available on an applicable SF or the USEPA cancer group. 

The USEPA Region IV Office of Health Assessment suggested using the provisional oral RfD 
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of 1.0 mglkg-day. The aesthetic-based secondary MCL (SMCL) for drinking water is SO to 

200 pg/L (USEPA Oflice of Water). 

Amnk  exposure via the ingestion route darkens and hardens the skin in chronically exposed - 

humans. hidation exposure to arsenic causes neurological deficits, anemia, and cardiovascular 

effects (Klaassen et al., 1986). USEPA set 0.3 pg&g/d.ay 85 the IUD for arsenic based on an 

NOAEL of 0.8 pgikg-day in a human exposure study. Arsenic's effects on the nervous and 

cardiovascular systems are primarily associated with acute exposure to higher concentrations. 

Exposure to arseniccontaining materials has caused cancer in humans. Inhalating these 

materials can lead to increased lung cancer risk, and ingesting them is associated with increased 

skin cancer rates. Arsenic has been classified as a group A carcinogen by USEPA, which set 

the 1.5 (mgkg-day)-1 SF for arsenic. As listed in IRIS (search date 9/1/95), the classiF!cation 

is based on sufficient evidence from human data. An increased lung cancer mortality was 

observed in multiple human populations exposed primarily through inhalation. Also, increased 

mortality from multiple internal organ cancers (liver, kidney, lung, and bladder) and an 

increased incidence of skin cancer were observed in populations cu- drhkmg water high 

in inorganic arsenic. Human milk contains about 3 pg/L arsenic. The RBC for arsenic in tap 

water is 0.038 pg/L. As listed in IRIS, the critical effect of this chemical is hyperpigmentation, 

keratosis, and possible vascular complications. The uncertainty factor was 3 and the modifying 

factor was 1. 

Codntiwn can upset the stomach, leading to vomiting and diarrhea in acute expame; acute 

inhalation of cadmium-contahhg dust can irritate the lungs. Chronic exposure to cadmium, 

either via inhalation or ingestion, has caused kidney damage (including kidney stones), 

emphysema, and high blood pressure. Other tissues reportedly injured by cadmium exposure 

in animals and humans include the lungs, testes, liver, immune system, blood, arsd the m o u s  

system (Klaassen et al., 1986). An oral RfD of 0.001 (mg/kgday) has been determind by 

USEPA, based on human studies (food) involving chronic exporn in which significant 
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increased protein was found in the urine. A separate oral RfD for water has b n  determined 

by USEPA to be 0.0005 mglkgday. For Wation exposure, cadmium has been classified by 

USEPA as a group B1, or probable human carcinogen, based on limited evidence from 

epidemiological studies in which an excess risk of lung cancer was observed in cadmium smelter 

workers. As listed in IRIS (search date 6/28/95), classification is based on limited evidence 

from occupational epidemiologic studies that is consistent across investigations and study 

populations. There is sufficient evidence of carcinogenicity in rats and mice by inhalation and 

intramuscular and subcutamous injection. Seven rat and mice studies where cadmium salts 

(acetate, sulfate, chloride) were administered orally have shown no evidence of carcinogenic 

response. There is sufficient evidence of increased risk of lung cancer in rats and mice exposed 

to cadmium via inhalation. Seven studies in which cadmium was admmt.e . . red orally to mtnnd 

mice have shown no evidenw of carcinogenic response following exposure via this route. As 

listed in IRIS, the critical effect of this chemical in water is significaut proteinuria. The 

uncertainty factor was determined to be 10 and the modifying factor was determined to be 1. 

Chmmium exists in two stable, natural forms: trivalent (Crm), and hexavalent (CrVI). Acute 

exposure to chromium can result in kidney damage following oral exposure or damage to the 

nasal mucosa and septum following inhalation exposure. Chronic hhdation exposure to 

hexavalent chromium has resulted in kidney and respiratory tract damage, as well as excess lung 

cancer in both animals and humans following occupational exposure. Only hexavalent chromium 

is believed to be carcinogenic by inhalation (Gradient, 1991). Oral IUD values for both f o m  

of chromium are 1.0 and 5E-3 (mg/kg-day). For trivalent chromium, the Rfl) is based on liver 

toxicity in the rat. For the hexavalent form, the RflD is based on unspecified pathological 

changes observed in rat studies. In addition, hexavalent chromium is considered a group A 

carcinogen for inhalation exposures, and a SF, of 42 (mgikg-day)-1 bas been established for the 

hexavalent form. Vitamin supplements contain approximately 0.025 mg of chromium. As listed 

in IRIS (search date 6/28/95), no critical effects were observed for chromium 0. The 
uncertainty factor was determined to be 100 and the modifying factor was determined to be 10. 
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As listed in IRIS, no critical effects were observed for chromium 01). The uncertainty factor 

was 500 arzd the modifying factor was 1. 

Mmgunesc is an essential nutrient, but chronic exposure (0.8 mgfkg-day) causes mental 

disturbawes. Studies have shown that manganese uptake from water is greater than manganese 

uptake from food, and the elderly appear to be more sensitive than children (KIaassen et al., 

1986; Dreisbach et al., 1987). Because of the different uptake rates in water and food, USEPA 

set two oral RfDs - one for water (0.005) and one for food 0.14 mglkg-day. Inhalation of 

manganese dust causes neurological effects and increased incidence of pneumonia. An inhalation 

RfD was set to 0.0000143 mgkg-day. According to USEPA, manganese cannot be classified 

as to its carcinogenicity. Therefore, the cancer class for manganese is group D. As listed in 

IRIS (search date 6/29/95), the classif~cation is based on existing studies that are inadequate to 

assess manganese's carcinogenicity. Manganese is an element considered essential to human 

health. The typical vitamin supplement dose of manganese is 2.5 mg/day. As listed in IRIS (the 

critical effect of this chemical in water in the oral summary are CNS effects. The uncertainty 

factor was 1 and the modifying factor was 1. The critical effects in food in the oral summary 

are CNS effkcts. The ~~ factor was 1 and tltae modifying factor was 1. As listed in 

IRIS, the criticaI effect of this chemical in the inhalation summary is impairment of 

neuro-behavioral function. The uncertainty factor was loo0 aud the modifying factor was 1. 

The IRIS RflT: is 0.00005 rnglrnj. 

PCB Amclots are a group of chlorinated hydroarbom (such as hclors-1248,1254, and 1260) 

that accumulate in fat tissue. Occupational exposure (both inhalation asxi dermal) to PCBs 

causes eye and lung irritation, loss of appetite, liver enlargement, increased serum liver enzyme 

concentrations, rashes and chloracne, and decreased birth weight of infants in heavily exposed 

worker/mothers. Of the effects listed above, the liver is the primary target organ (Klaassen 

et. al., 1986; Dreisbach et al., 1987). USEPA classified PCB Aroclors as gmup 

B2 carcinogens, primarily based on animal data. As listed in IRIS (search date 6/29/95), the 
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classification is based on hepatocellular carcinomas in three strains of rats and two strains of 

mice and inadequate, and suggestive evidence of excess risk of liver cancer in humans by 

ingestion and inhalation or dermal contact. Oral ingestion of PCBs causes liver and stomach 

tumors in rat studies. USEPA set 7.7 (mg/kgday)-1 as the SF, for PCB Aroclors, and the RfD 

was set to 0.00007 qlkg-day . 

P o l y m d  hydrocrrrbons include the following COPCs: 

TEP. 3.1 - 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

TEF 0.001 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well established. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their 

carcinogenicity is addressed relative to that of BAP, having an SF 7.3, (mg/kg-day)-]. TEFs, 

also set by USEPA, are multipliers that are applied to the detected concentrations, which are 

subsequently used to calculate excess cancer risk. Most carcinogenic PAHs have been classified 

as such due to a n i d  studies using large doses of purified PAHs. There is some doubt as to 

the validity of these listings, and the SFs listed in USEPA's RBC Table are provisional. 

However, these PAHs are carcinogens when the exposure involves a mixture of other 

carcinogenic substances (e .g . , coal tar, soot, cigarette smoke, etc .) . As listed in IRIS (search 

date 6/28/95), the BAP B2 classification is based on insufficient human data ~ p e c ~ d y  linking 
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it to a carcinogenic effect. However, multiple snimal studies in many species demonstrate BAP 

to be carcinogenic by numerous routes. 

BAP has produced positive results in numerous gemtoxicity assays. At the June 1992 CRAVE 

Work Group meeting, a revised risk estimate for BAP was vefl~ed (see Additional Comments 

for Oral Exposure). This section provides information on three aspects of the minogenic risk 

assessment for the agent in question: the USEPA classification and quantitative estimates of 

exposure. The classification reflects a weight-ofevidence judgment of the likelihood that the 

agent is a human carcinogen. 'IIE quantitative risk estimates are presented in application of a 

lowdose exttapoIation procedure awl presented as the risk per mg/kg-day. The unit risk is the 

quantitative estimate in terms of either risk per pg/L drinlung water or risk per pglm3 air 

breathed. The third fonn in which risk is presented is drinking water or air concentration 

providing cancer risks of 1 in 10,000 or 1 in 1 million. The Carcinogenicity Background 

Document provides details on the carcinogenicity values found in IRIS. Users are referred to 

the Oral Reference Dose and Reference Concentration sections for idomtion on long-term 

toxic effects other than carcinogenicity. 

As Iisted in IRIS, the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 classiftcations are 

based on no human data but suff~cient data from animal bioassays. Benzo(b)fluorauthene 

produced tumors in mice after lung implantation, inIraperitoneal or subcutaneous injection, and 

skin painting. As listed in IRIS, the benzo(a)anthracene B2 classification is based on no human 

data but M i i e n t  data from animal bioassays. Benzo(a)anthracene produced tumors in mice 

exposed by gavage; intraperitoneal, subcubaeous or intramuscular injection; and topical 

application. Benzo(a)anthwene produced mutations in bacteria and in mammalian cells, and 

transformed mammalian cells in culture. As listed in IRIS (search date 6/28/95) the basis for 

the bemm(k)fluomthene B2 classification is no human data and sufficient data from animal 

bioassays. Benzo(k)fluoranthene produced tumors after lung implantation in mice aad when 

administered with a promoting agent in skin-pahting studies. Equivocal results have been f o d  
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in a lung adewma assay in mice. Benzo(k)fluorantfiene is mutagenic in bacteria (Klaassen et 

al.,  1986). 

Although not specif~cally referenced in the IRIS, 7 , 1 2 d h ~ t h y l b e n z ( a ) a n ~  was considered 

as a carcinogen in the formal risk assessment. Due to s t n r c w  similarities, the TEF for 

benzo(a)anthracene (TP = 0.1) was applied for this compound. 

OJiicr PARS - those not classified by USEPA as winogens - are toxic to the liver, kidney 

and blood. This group of PAHs includes compounds sucb as pyrene, ucerraphthene, 

(u:enaphthykne, benzo(g,h,i)perylene, andphemnthmne. USEPA determined RfDs for only 

two of these compoUDdS: pyrene'a RfD, of 0.03 mgkg-day is also used as a smogate RfDo for 

phemmthrene. The IUD, for acenaphthene was 0.06 mg/kg-day . 

Dioxins are chlorinated hychcarbons that accumulate in fat tissue. Exposure to dioxins, known 

to be potent mutagens and teratogens, causes buming pain in the tongue, abdomen, and pharynx, 

chloracne, loss of body weight, degenerative changes to the liver and thymus, and psychiatric 

disturbances. Chloracne is the primary sign of human exposure (Klaassen et al., 1986; 

Dreisbach et al., 1987). USEPA classified dioxins as group B2 carcinogens and determined the 

SF, to be 150,000 (mg/kgday)-1 for 2,3,7,8-TCDD. Equivalent concentrations of ofher dioxin 

congeners were calculated based on their corresponding toxic equivalents, as recommended by 

USEPA. 

Lead bas been classified as a group B2 carcinogen by USEPA based on animal data. No RfD 

or SF has been set by USEPA. However, an AL for soil protective of child residents has been 

proposed by USEPA Region IV: 400 mglkg. OSWER has recommended a 1,000 mg/kg 

cleanup standad for industrial properties. USEPA's Office of Water has established a treatment 

technique action level of 15 pg/L. As listed in IRlS (search date 10/17/95), classification is 
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based on suffiiient animar evidence. Ten rat bioassays d one mouse assay have shown 

statistically si-cant increases in renal tumors with dietary and subcutaneous exposure to 

several soluble lead salts. Animal assays provide reproducible results in several laboratories, 

in multiple rat strains with some evidence of multiple tumor sites, Short-tenn studies show that - 

lead affects gene expression. Human evidence is hadequate. An IUD and SF have not been 

set because of the confounding nature of lead toxicity. Lead can accumulate in bone marrow, 

and effects have been observed in the CNS, blood, and mental development of children. RfDs 

are based on the assumption that a threshold must be exceeded to d t  in toxic effects (other 

than carcinogenicity). Once lead accumulates in the body, other influences cause the acN 

levels in the blood to fluctuate - sometimes the lead is attached to bin- sites; sometimes lead 

is free flowiug. If an exposed individual has previously been exposed to lead, this individual 

could lose weight and set fat-bound lead free. This fluctuation and lack of previous lead 

exposure data are two of the reasons lead effects are difficult to predict (Klaassen, et al., 1986). 

The USEPA has developed the Lead Model to assist in detemhhg the probability that children 

(0 to 7 years of age) would suffer adverse effects as a result of exposure to environmental media 

impacted by lead. The model was applied to assess the threat to a child receptor posed by 

elevated surface soil lead concentrations reported at AOC 670. The Lead Model applications 

are discussed in Section 6.2.3.5. 

V '  is not readiiy absorbed through the skin or oral ingestion and is a ubiquitous element. 

It is also a by-product of petroleum ref*. Vanadium is soluble in fats and oils (Klaassen et 

al., 1986). Municipal water supplies contain 0.001 to 0.006 mg/L. The target organ is wlear,  

and the primary focus of toxicofogical information is inhalation of vanadium dust. Typical 

vitamin supplements contain approximately 0.010 mg in a daily dose. The IUD,, set by USEPA 

is 0.007 mglkg-day . 
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Anthwny belongs to the same periodic group as arsenic. This element is absorbed slowly 

through the gastrointestinal tract. Another target is the blood, where antimony concentrates. 

Due to frequent industrial use, the primary exposure route for antimony to the general population 

is foad. Antimony is also a common air pollutant from industrial emissions (Klaassen et al., 

1986). USEPA has not classified antimony as a carcinogen, and the RfD, is 0.0004 mgkg-day . 
As listed in IRIS (search date 6/28/95), the critical effect of this chemical is longevity, changes 

in blood glucose levels, and cholesterol. The uncertainty factor was 1,000 and the modifying 

factor was 1. 

Bariwn is used in various alloys, paints, soap, and manufacturing processes. Barium sulfate, 

which is used to aid X-ray diagnosis, is relatively abundant in nature and found in plant and 

animal tissue (Dreisbach et al., 1987; K1aassen et d., 1986). Brazil nuts contain 3 to 4 mg per 

gram nuts. The fatal absorbed dose of barium is approximately 1,000 mg (for humans). 

Assuming an absorption efficiency of 5 % for barium, 20,000 mg ingested barium could be fatal 

(approximately 333 Brazil nuts, assuming 15 ginut). Major toxic effects of this element are 

muscle stimulation, CNS effects, and effects on the heart. USEPA determined the RfD, and 

RfD, to be 0.07 and 1.43E-4 mg/kg-day. As listed in IRIS (search date 6/29/95), the critical 

effect of this chemical is increased blood pressure. The uncertainty factor was 3 and the 

modifying factor was 1. 

BeryUium exposure via the inhalation route can cause inflame the lungs, a condition known as 

Acute Beryllium Disease, as a result of short-term exposure to high concentrations. Removal 

from exposure results reverses the symptoms. Chronic exposure to much lower concentrations 

of beryllium or beryllium oxide by hldation has been reported to cause chronic beryllium 

disease, with symptoms including shortness of breath, scarring of the lungs, and berylliosis, 

which is noncancerous growths in the lungs of humans. Both forms of beryllium disease can 

be fatal, depending on the severity of the exposure. Additionally, a skin ,allergy may develop 

when soluble beryllium compounds come into contact with the skin of sensitized individuals 
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(Gradient, 1991). An oral RfD of 0.0054 mgikg-day has been set for beryllium based on a 

chronic oral bioassay (rats were the study species) which detmnhed no adverse effect occurs 

at 0.54 mg/kgaay. Beryllium has been classifred by USEPA as a group B2 carcinogen based 

on animal studies. Human epidemiology studies of beryllium are considered to be inadequate. 

As listed in IRIS (search date 6/28/95), the classification is based on beryllium inducing lung 

cancer via inhalation in rats and monkeys and osteosarcomas in rabbits via intravenous or 

intramedullary injection. An inhalation slope factor of 8.4 (mg/kg-day)-1 and an oral SF of 

4.3 (mglkg-day)-1 have been set by USEPA. As listed in IRIS, this chemical has no critical 

adverse effect. The uncertainty factor was 100 and the modifying factor was 1. The IRIS RfD 

in drinkrng water is 0.005 mgtkg-day . 

Carbon disu@Uc is a VOC that affects the nervous system. At toxic concentrations, nervous 

system effects in humans include psychosis, tremor, and weakness in the lower extremities. 

This compound interferes with the conduction of nerve signals to produce these effects. Carbon 

disulfide has been associated with reproductive dysfunction in men and women. In addition, at 

doses well w i t h  what was thought to be safe for industry in Japan, some effects on the eye 

have been produced, and similar effects were observed in Finland (Klaassen et al., 1986). 

USEPA set the RfD, and RfDi to 0.1 and 0.00286 mglkg-day, respectively. As listed in IRIS 

(witch date 6/28/95), the critical effect of this chemical is fetal toxicity/malformatiom. The 

uncertainty factor was 100 and the modifying factor was 1. 

CMomform is a halogenated volatile organic. This compound targets the liver, kidney and 

central nervous system (Dreisbach et al., 1987). In addition, chloroform is classified as a B2 

carcinogen by USEPA. As listed in IRIS (search date 1 1/22/95), the classification is based on 

ina&quate human data but evidence of carcinogenicity in animals, namely an increased 

incidence of tumors after oral adrrrrmstra . . tion of chloroform in rats and intraperitoneal 

admhktration in mice. ChIoroform is genotoxic in several assay systems. Also, chloroform 

is structurally related to other ~ o m e t h a n e s  (e.g., bromodichlorom~,  bromoform, 
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dibromochloromethane) which have been verified as either probable or possible carcinogens. 

The SF, a d  SF, are 0.0061 d 0.0805 (mgkg-day)-1, respectively. The RfD, is 0.01 mg/kg- 

day. As listed in IRIS (search date 11/22/95), the critical effect of this chemical is liver lesions. 

The uncertainty factor was 1,000 and the modifying factor was 1. 

BEHP, is a plasticizer used in virtually every major product category. Phthalate esters are 

ubiquitously distributed in the environment. Although the toxicity of this compound is relatively 

low, it is a carcinogen. Reproductive effects are also possible (indicated in animsl studies) due 

to chronic exposure to BEHP (Klaassen et al., 1986). As listcd in IRIS (search date lo/ 17/95), 

the classification is based on orally administered BEHP producing sigdicant dose-related 

increase in liver tumor responses in rats and mice of both sexes. This compound is classified 

as a B2 carcinogen and USEPA set the IUD, and SF, to 0.02 mgntg-day and 0.014 

(mg/kgday)l, respectively. As listed in IRIS, the critical effect of this chemical is increased 

relative liver weight. The uncertainty factor was 1,000 and the modifying factor was 1. 

Nickel is also an essential nutrient with a 5 pg dose typical of supplemental vitamins. USEPA 

set the RfD. to 0.02 mg/kgday. Chmnic exposure of rats to nickel decreased body and organ 

weights. For a chronically exposed individual, nickel salts would affect the gastrointestinal 

system, and would also target the liver and kidney. This element has been shown to be a 

seasitizer, an element that can produce allergic reactions. Sensitization of skin to nickel dust 

has been shown to occur in industry Oreisbach et al., 1987). As listed in IRIS (search date 

6/28/95), the critical effect of this chemical is decreased body and organ weights. The 

uncertainty factor was 300 and the modifying factor was 1. 

6.2.3.5 Ridr Chmdmhtion 

Surface Sod Pathways 

Incidental and dermal exposure to surface soil onsite was evaluated wader both residential and 

industrial (site worker) scenarios. For noncarcinogenic contamhuts evaluated for future site 
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residents, hazard was computed separately to address child and adult exposure. Soil pathways 

were evaluated for each SWMU or AOC as noted in the corresponding tables and discussions. 

SWMU 14 

Tables 6.2.3.32 and 6.2.3.33 list the computed carcinogenic risks and/or HQs associated with 

the incidental of and dermal contact with SWMU 14 surface soil. 

Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime weighted average) is 5E-5. The 

dermal pathway ILCR is 9E-6. Arsenic, BEQs, and beryllium were the primary contributors 

for the ingestion and dermal pathways. 

The computed HI for the adult resident was 0.1 for the soil ingestion pathway. The computed 

HI for the child ingestion pathway was 1, with aluminum (HQ =0.4), arsenic (HQ =0.6), and 

vanadium (HQ =O. 1) as the primary contributors. The dermal contact pathway HI were less than 

0.1 for both the adult resident (HI=0.02) and the child resident (HI =0.08). 

Surface soil COCs identified at SWMU 14 based on their contribution to riskhazard are: 

aluminum, arsenic, BEQs, beryllium, and vanadium. 

Hypothetical Site Workers 

Site worker ILCRs are 6E-6 and 4E-6 for the ingestion and dermal contact pathways. Arsenic 

and BAP were the only contributors for both pathways. The HI for the ingestion and dermal 

hypothetical site worker were both projected to be less than 0.1. 

COCs identified for this scenario based on their contribution to risWhazard are: arsenic, 

beryllium (based on combined ingestionfdermal contact), and BEQs. 
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Lead Toxicity 

At SWMU 14, three surface soil samples contained lead at concentrations exceeding the 

residential cleanup goal of 400 mglkg. Figure 6.2.3.1 shows surface soil lead concentrations 

across combined SWMU 14. The mean lead concentration at SWMU 14 was calculated to be 

385 mglkg. Because the mean falls below the residential cleanup goal, chronic exposures are 

not expected to pose a significant health threat. In contrast to the 400 mglkg cleanup goal based 

on child resident exposure, USEPA Region IV has calculated a soil cleanuplscreening level for 

lead of 1,300 mglkg based on adult exposures. The most likely receptors, considering the 

proposed industrial use of the SWMU 14 area, are adults rather than children. The maximum 

surface soil concentration for SWMU 14 (915 mgtkg) falls below the USEPA cleanup/screening 

level based on adult exposure. 

SWMU 15 

Tables 6.2.3.34 and 6.2.3.35 present the computed carcinogenic risks and/or HQs associated 

with the incidental ingestion of and dermal contact with SWMU 15 surface soil. 

Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime weighted average) is 1E-4. The 

dermal pathway ILCR is 2E-5. Arsenic and BEQs were the primary contributors for both 

pathways. 

The computed HI for the adult resident was 0.2 for the soil ingestion pathway. The computed 

HI for the child ingestion pathway was 2, with arsenic (HQ=2.3) as the primary contributor. 

The dermal contact pathway HIS were 0.05 for the adult resident and 0.2 for the child resident. 

COCs identified for this scenario based on their contribution to risklhazard are arsenic and 

BEQs. 
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Hypothetical Site Workers 

Site worker ILCRs are 2E-5 and 1E-5 for the ingestion and dermal contact pathways. Arsenic 

and BEQs were the only contributors for both pathways. The HIS for the ingestion and dermal 

hypothetical site worker were 0.09 and 0.04. 

COCs identified for this scenario based on their contribution to risklhazard are arsenic and 

BEQs . 

AOC 670 

Tables 6.2.3.36 and 6.2.3.37 present the computed carcinogenic risks and/or HQs associated 

with the incidental ingestion of and dermal contact with AOC 670 surface soil. 

Hypothetica 1 Site Residents 

The ingestion ILCR (based on the adult and child lifetime weighted average) is 6E-5. The 

dermal pathway ILCR is 1E-5. Arsenic and BEQs were the primary contributors for both 

pathways. 

The computed HI for the adult resident was 0.2 for the soil ingestion pathway. The computed 

HI for the child ingestion pathway was 1, with antimony (HQ =0.3), arsenic (HQ =0.6), thallium 

(HQ =O. I), and aIuminum (HQ =0.2) as the primary contributors. The dermal contact pathway 

HIS were less than or equal to 0.1 for both the adult resident (HI=0.03) and the child resident 

(HI=0.1). 

COCs identified for this scenario based on their contribution to risklhazard are aluminum, 

antimony, arsenic, BEQs, and thallium. 
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Hypothetical Site Workers 

Site worker ILCRs are 6E-6 and 5E-6 for the ingestion and dermal contact pathways; 

respectively. Arsenic and BEQs were the only contributors for both pathways. The HIS for the 

ingestion and dermal hypothetical site worker were both projected to be less than 0.1. 

COCs identified for this scenario based on their contribution to risklhazard are arsenic and 

BEQs. 

Lead Toxicity 

Background 

Currently, USEPA has not established an SF reference dose for lead. USEPA believes that the 

available studies in animals and humans do not provide sufficient quantitative information for 

their calculation. Although lead is currently classified as a B2 carcinogen, USEPA considers 

the noncarcinogenic neurotoxic effects in children to be the critical toxic effect with respect to 

establishing health-based environmental cleanup objectives. The neurotoxic effects of chronic 

low-level lead exposure in children may occur at blood levels as low as 10 pg/dL. 

In the absence of lead health criteria, USEPA Region IV's Office of Health Assessment 

sanctions the use of the Lead Model to predict mean blood lead levels in children based on 

exposure to impacted environmental media. This model was used to assess the potential health 

effects of elevated lead levels reported in surface soil at AOC 670. The maximum lead 

concentration reported in surface soil was 20,900 mglkg at location 670SB023. Figure 6.2.3.1 

shows the distribution of lead concentrations at AOC 670 (and SWMUs 14 and 15 and 

AOC 684). 

Lead UptakelBiokinetics Model 

Blood lead levels in the age group 0 to 7 years can be predicted using the Lead Model. Such 

estimates can assist in risk management decisions regarding cleanup of lead at hazardous waste 
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sites. The effects of lead exposure are complex, and the asmmptions used in the Lead Model 

are updated to reflect recent research f e s .  The d t s  presented are hypothetical estimates 

because many of the model assumptions are subject to change. 

In coordination with USEPA Region IV's Office of Health Assessment, a conservative exposure 

scenario was developed to assess the significance of surface soil lead concentrations at AOC 670. 

This scenario involves a child (age 5 to 6) who gains access to the most heavily contaminated 

area for one day and is maximally exposed. The scenario was based on the proposed future use 

of the SWMU 14 area, which includes AOC 670. Cment base reuse plans indicate that the area 

will become a marine industrial park and intermodal milyard. The exposure fhquemy was 

based on the child accompanying a parent to work at a nearby building on a one-time basis d 

wandering into AOC 670. 

Exposure to site soil was addressed as an additional exposure relative to typical exposures 

encountered at the child's place of residence. This additional exposure was presented as an 

alternate source within the constructs of the Lead Model. The only modification made to 

standard default assumptions in the lead model was raising the drrnking water lead concentration 

to the treatment technique action level (lTAL) of 15 pg/L. This change was made to provide 

a conservative estimate of daily intake from sources unrelated to AOC 670. 

The assumption was made that this child would ingest 0.1 grams of soil from the most heavily 

contamiuated area. In the case of AOC 670, the lead hot spot was identified as boring location 

670SB023 aad the three closest sampling locations surroundhg this point (locations 670SB022, 

670SB021 and 670SB024). The total area encompassed by these locations is approximately 

ox-half acre, and the mean surface soil lead concentration is 5,255 mglkg. Within the Lead 

Model, an alternate source was entered to account for this exposure as previously discussed. The 

bioavailability of lead ingested from the altemPte source (AOC 670 surface soil) was equal to 

that of soil lead ingested from tk standard residential default source. Assuming a one-time 
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exposure in the most heavily impacted area, the annual alternate source exposue was estimated 

to be 1.44 pg leadday. Table 6.2.3.38 presents the lead model output for a child 5 to 6 years 

old under these exposure conditions. 

Child exposure is presented as a reasonable worst-case scenario for exposure to lead 

conca&ations in AOC 670 soil. The most likely receptors, considering the proposed industrial 

use of the AOC 670 area, are adults rather than children. USEPA Region IV has calculated a 

soil cleamp/screening level for lead of 1,300 mg/kg based on adult exposures. The mean 

surface soil concentration for AOC 670 (1,213 mglkg) falls below the USEPA adult 

cleanup/screening level; although the levels within the identified hot spot exceed this value. 

Figure 6.2.3.2 shows the probability percentage of blood lead levels for the hypothetical child 

receptor. Based on tbis model output, the geometric mean blood level is estimated to be 

3.9 pg/dL, and the probability of blood lead levels in excess of 10 pg/dL is 2.11 56. USEPA 

generally considers media collcentrations that result in probability percentage estimates of 5% 

or less sufficiently protective of potential child receptors. As a result, surface soil lead 

concentrations at A W  670 would not require specific action under the hypothetical exposure 

scenario. 

AOC 684 

Tables 6.2.3.39 and 6.2.3.40 present the computed carcinogenic risks d o r  HQs associated 

with the incidental ingestion of and dermal contact with AOC 684 surface soil. 

Hyputhe&d Site Residents 

The ingestion ILCR (based on the adult and child lifetime weighted average) is 8 5 5 .  The 

dermal pathway ILCR is 3E-5. Arsenic, BEQs, and beryllium were the primary contributors 

for the ingestion pathway. Arsenic and BEQs were the primary contributors for the dermal 

pathway. 



Figure 6.2.3.2 
AOC 670 Lead UptakelBioKnetic Model Output 
Child Blood Lead Level Probability Percentage 

Note: The probability percentage plot was provided as output from the USEPA 
Lead Uptake/Biokinetic Model (Version 0.99d) performed for AOC 670. 
The exposure assumptions used within the Lead Model are described in 
accompanying text. 
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The computed HI for the adult resident was 0.09 for the soil ingestion pathway. The computed 

HI for the child ingestion pathway was 1, with arsenic (HQ=0.4), antimony (HQ=O.2), and 

thallium (HQ =O. 1) as the primary contributors. The dennal contact pathway HIS were less than 

0.1 for both the adult resident (HI=0.02) and the child resident (HX=0.07). 

COCs identilied for this scenario based on their contribution to riskhazard are: antimony, 

arsenic, BEQs (k1uding 7,12-dimethylbenz[a]-), beryllium, thallium, and 

Aroclors-1254 and 1260 (based on combined ingestionfdermal contact pathways). 

Hypothetical Site Worken 

Site worker IU!Rs are 9E-6 and 1E-5 for the ingestion and dermal contact pathways. Arsenic 

and BAP were the only contributors for both pathways. The HI for the ingestion and dermal 

hypothetical site worker were both projected to be less than 0.1. 

COCs identified for this scenario based on their contribution to risk/hazard are arsenic and 

BEQs. 

Groundwater Pathways 

Groundwater at  comb^ SWMU 14 is not cmnt ly  a potable or process water source. 

Exposure to groundwater onsite was evaluated sitewide under both residential and industrial 

scenarios. For these scenarios, the ingestion and inhalation (while showering) exposure 

pathways were evaluated assumkg the site will be used for residential purposes and that an 

Mdtered well, drawing from the corresponding water-beanag zone, will be the domestic water 

source. The ingestion and inhalation pathways were separately evaluated for shallow and deep 

groundwater as well as first- md secondquarte~ groundwater data. For n o ~ i n o g e n i c  

contaminants evaluated relative to future site residents, hazard was computed separately to 

address child and adult exposure. 
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Shallow Groundwater 

Table 6.2.3.41 presents the risk and hazard for tbe ingestion exposure pathway for shallow 

groundwater. 

Hypothetical Site Residents 

The shallow groundwater ingestion ILCR for hypothetical site residents is 3E5. TEQs, and 

BEHP were the primary contributors. The hazard indices for the ingestion pathway for the 

adult and child resident were 0.7 and 1.6. Aluminum and vanadium were tbe primary 

contributors. No volatile COPCs were identifled in the shallow aquifer; consequently, the 

hhalation pathway was not evaluated. 

COCs identified for this scenario based on their contribution to risk/hazard are aluminum, 

TEQs, BEHP, and vanadium. 

Xypothericd Sire Workers 

The shallow groundwater risk posed to future site workers is 7E-6 ILCR for the ingestion 

exposure pathway. TEQs were the primary contributor. The HI for the ingestion exposure 

pathway was calculated to be 0.3. 

COCs identified for this scenario based on their contribution to risWhazard are TEQs. 

Current Sire WorRcts 

Shallow groundwater is not currently used as a potable water source for combined SWMU 14 

or other areas of Zone H. In the absence of a completed exposure pathway, reported shallow 

groundwater c o ~ t i o n  poses no threat to human health. 
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Deep Grouadwater 

Deep groundwater risk and hazard for the ingestion exposure pathway are listed in 

Table 6.2.3.42. Deep groundwater risk and hazard for the inhalation exposure pathway are 

listed iu Table 6.2.3.43. 

Hypothetical Site Residents 

The deep groundwater ingestion ILCR for hypothetical site residents is 5E-4. Heptachlor 

epoxide, detected in one of five deep monitoring well samples in firstquarter samples only, 

accounts for more than 95% of the ingestion pathway ILCR. The inhalation pathway ILCR was 

projected to 2E-6 with chlorofom contributing 100%. 

For the deep groundwater ingestion pathway, the HIS were computed to be 7 for the resident 

adult and 17 for the resident child. The primary contributors are cadmium (HQ=0.2 adult, 

0.4 child), heptacblor epoxide (HQ =6.8 adult, 15.9 child), and thallium (HQ =0.4 adult, 1 

child). The inhalation pathway Hls are less than or equal to 0.1 for both residential receptors. 

COCs identified for this scenario based on their contribution to Whazard are cadmium, 

chloroform, TFQs, BEHP, heptachlor epoxide, and thallium. 

Hypothetical Site Wonkers 

The deep groundwater ingestion ILCR for future site workers is 1E-4. The primary contributors 

are TEQs and heptachlor epoxide. The inhalation pathway IIXR was projected to be 6E-7. 

For the deq~ groundwater ingestion pathway, the HI was computed to k 2.8. The primary 

contributors are heptachlor epoxide (HQ =2.5) and thallium (HQ=0.2). The inhalation pathway 

HI is 0.01. 
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COCs identified for this scenario based on their contribution to risWhazard are TEQs, heptachlor 

epoxide, a d  thallium. 

Current Site Workem 

Deep groundwater is not a potable water source for combined SWMU 14 or other areas of 

Zone H. In the absence of a completed exposure pathway, no reported deep groundwater 

contamination poses a threat to human health. 

COCs Identified 

COCs were selected based on cumulative (all pathway) risk and hazard projected for SWMUs 

14 and 15 and AOCs 670 and 684. COCs were ident3M for d a c e  soil, W o w  groundwater, 

and deep groundwater. USEPA has established a g e d y  acceptable risk range of 1E4 to 

1E-6, and an HI threshold of 1.0 (unity). In Zone H K€IRAs, a COC was considered to be any 

chemical contributing to a cumulative risk level of lE-6 or greater with a cumulative HI above 

1 .O, if its individual ILCR exceeds 1E-6 or its HQ exceeds 0.1. For carcinogens, this approach 

is relatively conservative because USEPA Region IV remmmends a cumulative risk level of 

1E-4 (and individual E R  of 1E-6) is recommended by USEPA Region IV as the trigger for 

establishing COCs. The COC selection algorithm presented was used to more comprehensively 

evaluate chemicals contributmg to carcinogenic risk or noncarcinogenic hazard during the RGO 

development process. Table 6.2.3.44 presents the COCs identified at combined SWMU 14 on 

a SWMUIAOC and medium-specific basis. A multimedia use scenario identifies COCs, as 

presented in Table 6.2.3.44. This scenario assumes exclusive use of either the shallow or deep 

water-bearmg zone for potable or domestic water production. 

Table 6.2.3.45 supports discussions regarding distribution and fiquency of detection of COCs. 

Table 6.2.3.45 presents the projected residential risk and hazard associated with each stuface 

soil COC on a location-specific basis. HQs are presented for the child resident and ILCR 

estimates are based on lifetime weighted average resident exposures. Figure 6.2.3.3 maps 

resident scenario based ILCR for organic COCs only. 
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Surface Soil 

Hypothetical Site Residents 

Arsenic, BEQs, and beryllium were identified as COCs for surface soil based on their 

contribution to E R .  Alumiwm and vanadium were identified for the site resident scenario 

based on their contribution to potential noacarcinogenic hazard. Figm 6.2.3.3 illustrates 

calculated organic COC risk h r n  surface soil for hypothetical site residents at combined 

SWMU 14. 

Hypotleticd Site Worken 

Arsenic aad beryllium were identitied as COCs for d a c e  soil based on their contribution to 

ILCR. No hazard-based COCs were identified for the site worker scenario. 

The extent of the COCs identified in surface soil is briefly discussed below and illustrated by 

Figure 6.2.3.4. Residential risk-based concentrations were compared to each reported 

concentration for each COC identified above. BEQs were detected at only one of 10 sampling 

locations (014SB106) above the residential RBC. Arsenic, beryllium, and vanadium were not 

detected in any surface soil sample above the background UTLs, but were included due to 

WiIcoxon rank sum test results. Aluminum was detected in one sampIe (014SB010) at a 

concentration above its comsponding UTL (29,600 vs. 25,3 10 mglkg). Because concentrations 

of these naturally occurring elements were comparable to background levels, their inclusion in 

risk/hazard projections is considered conservative. 

S W U  15 

Hypothetical Site Residents 

Arsenic and BEQs were identified as COCs for surface soil based on their contribution to ILCR. 

No additional COCs were identified for the site resident scenario based on their contribution to 
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potential noncarcinogenic hazard. Figure 6.2.3.3 illustrates calculated organic COC risk from 

surface soil for hypothetical site residents at combined SWMW 14. 

Hypothetid~ Site Workers - - 

Arsenic and BEQs were identified as COCs for surface soil based on their contribution to ILCR. 

No kad-based COCs were identified for the site worker scenario. 

The extent of the COCs identified in d a c e  soil is briefly discussed below and illustrated by 

Figure 6.2.3.4. BE@ were detected above the residential RBC at six locations (015SB001, --  

015SB003, 015SB004, 015SB005, 015SB006, and 015SB007). Arsenic was detected in two 

surface soil samples above both the residential RBC and the background UTL (015SB003 and 

015SFiOO4). The detection at location 015SB003 was only marginally higher than the 

background UTL (15 vs. 14.81 mglkg). Because concentrations of this naturally occurring 

element were comparable to background levels, h i r  inclusion in riskfhazard projections is 

considered conservative. 

AM! 670 

Hypothetical Site Residents: 

Arsenic and BEQs were identified as COCs for surface soil based on their contribution to ILCR. 

Antimony and thallium were identified for the site resident scenario based on their contribution 

to potential noncarcinogenic hazard. Figure 6.2.3.3 illustrates calculated organic COC risk from 

surface soil for hypothetical site residents at combined SWMU 14. 

Hwthetical Site Workers 

Arsenic and BEQs were identified as COCs for surface soil based on their contribution to ILCR. 

No hazard-based COCs were ideneed for the site worker scenario. 



N
 

B
O

.s
B

D
10

 

m
d

sa
iY

 
w

s
8

0
1

. 
@

M
d

S
B

D
f3

 

-s
,:
en

4-
 

B
I'

S
R

rn
O

 
v.

4.
rc

. 
€a

.S
B

a3
2 

&
4
=
e
a
2
J
 

~
L

S
E

C
-

 m
2

9
e

m
' 

es
~%

th
i 
. g 

m
,,

#
-.

rm
l 

o
t

s
s

e
a

m
a

m
r

 
J

.
 

O
''

=
t

Y
9

h
s

s
~

s
m

a
 

6
8

4
1

8
0

6
 

W
.8

8
0
1
1
 

18
2 

1 

6
*4

5
8

0
1

1
 

L
E

G
E

N
D

 

ln
a

u
s

~
rb

a
l o

rg
e

n
~

c
 c
o
c
 IL

C
R

 
6
iO

J
B

O
1
.r

 
-0

S
B

 
%

o
p

e
m

i 
. no r IE-

E
 

cu
tm

no
g.

nm
r 

co
cr

 d
e

ls
rl

ra
 

IF
 h

 I
n

 
I
r
 *

 

8
4

8
8

0
1

6
 

I
t
-
5
1
0
 IF

-'
 

6
'0

~
m

o
 lil

O
S

B
0
3
; 

T
'0

s
m

3
 

6
7

~
5

~
m

i
 

ir
ij

e.
 

, 
,,,

,B
o

,, 
A

;.
'.:

".
 

.D
un

.,.,,
 

au
u

ar
n

g 

i7
0

S
B

0
I~

 
B

vm
td

in
p 

F4
um

D
e.

r 
m

0
6

0
m

t 
r

~
o

s
~

m
i

 
r.2

1 
B

Y
N

~
D

~
~

 
~

u
m

m
e

r
t 

d
~

o
s

s
m

r
 

R
o

a
d

 

8
7

0
5

B
m

' 
.,n

.p
m

* 
W

d
., 

8
7

D
S

*0
1

1
 

6
1
0
S

B
O

1
6
 

6,
0S

m
o 

C
rd

es
.. 

a!
, 

P
le

l 
F

a
n

ra
 

6
1

0
5

B
m

' 
6

7
0

S
E

m
b

 
m

-s
cm

, 
6

7
0

0
8

0
1

 I 
6

~
o

s
t

)
~

.
 

. 
hlffiB

LU
' 

m
a

9
m

r 

n
o
sm

a
 

W
O

S
B

m
?

 
6'

o
s&

U
X

 
6

1
0

S
B

O
li

 
m

o
9
B

1
1
1
. 

6
iO

S
B

O
(W

 
6

1
0

5
8

0
2

2
 

6f
O

IB
m

x 
0 

15
0 

30
0 

Fe
et

 
0
 

0
1

d
1

8
1

0
6

 

Z
O

N
E

 H
 

F
IN

A
L 

R
C

R
A

 F
A

C
IL

IT
Y

 
IN

V
E

S
T

IG
A

T
IO

N
 R

E
P

O
R

T
 

N
A

V
A

L
 B

A
S

E
 C

H
A

R
LE

S
T

O
N

 
C

H
A

R
LE

S
T

O
N

. 
S

C
 

F
IG

U
R

E
 6

 2
 3

 4
 

N
A

V
B

A
S

E
-C

H
A

R
LE

S
T

O
N

 Z
O

N
E

 H
 

S
W

M
U

 1
4

 S
U

R
F

A
C

E
 S

O
IL

 
O

R
G

A
N

IC
 C

O
C

 I
LC

R
 -

 I
N

D
U

S
T

R
IA

L 

D
b 

O
-l

G
ii

5
b

 
I 

P
R
C
.
?
 N
A

M
E

 
R

F
0

1
4

 A
P

R
 





Final RCRI Facility Investigation Rqronfbr Zone H 
N A W E  Charlaon 

S&n 6: &ueIine Risk bctcment 
July 5. 19% 

The extent of the COCs identifled in d a c e  soil is briefly discussed below and illustrated by 

Figure 6.2.3.4. BEQs were detected above the residential RBC at 15 of 34 locations. The 

U R s  presented on Figure 6.2.3.4 represent the risk associated with BEQs at these locations. 

Two antimony results e x d i  the residential RBC were reported. The limited extent of 

antimony reduces the probability of chronic exposure at the EPC. Arsenic was detected in six 

surface soil samples above both the residential RBC and the background UTL (670SB001, 

670SB005, 670SB012, 670SB023, 670SB031, and 670SB032). Of these samples, only two 

locations had arsenic concentration more than 20% higher than the backg~~und UTL. This 

indicates that soil arsenic co~lcentrations are similar to naturaUy occwhg levels. 

AOC 684 

Hypothetical Site Residents 

Arsenic, beryllium, and BEQs were identifled as COCs for surface soil based on their 

contribution to W R .  Antimony and thallium were identified for the site resident scenario based 

on their contribution to potential noncarcinogenic hazard. Figure 6.2.3.3 illustrates calculated 

organic COC risk from surface soil for hypotheticaf site residents at combined SWMU 14. 

Hypothetical Site Workers 

Arsenic, beryllium, and BEQs were identified as COCs for surface soil based on their 

contribution to ILCR. No hazard-based COCs were identified for the site worker scenario. 

The extent of the COCs identified in surface soil is briefly discussed below and illustrard by 

Figure 6.2.3.4. BEQs were detected above the residential RBC at 24 of 44 locations. The 

ILCRs presented on Figure 6.2.3.3 primarily represent the risk associated with BEQs at these 

locations. Aroclor-1254 and 1260 were reported at two and three locations, respectively. These 

detections were in the northern section of AOC 684 and were widely distributed (locations 

684SB007, 684SB032, and 684SB033). 
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Eight antimony results ex- the residential RBC were reporfed. The limited extent of 

antimony reduces the probability of chronic expo- at the EPC. Although beryllium was 

detected in 25 of 32 surface soil samples collected, only one location (684SB009) had a 

concentration exceeding the background UTL (1.5 1 vs . 1.47 mgikg) . Arsenic was detected in 

19 of 32 Surface soil samples above both the residential RBC, but was only detected at one 

location (684SB026) above tbe background UTL. Because beryllium and arsenic concentrations 

were generally comparable to background levels, their inclusion in riskhazard projections is 

considered conservative. 

SAallow Gmundwater 

Hypothetical Site Residents 

The carcinogenic COCs identified in shallow groundwater are TEQs and BEHP. Aluminum and 

vanadium were identified as COCs based on noncarcinogenic hazard contributions. 

Hypothetical Site Workers 

The carcinogenic COC identified in shallow groundwater is a TEQs. The COCs identified from 

HQs are aluminum and vanadium. 

The extent of the COCs identified in shallow groundwater is briefly discussed below. TEQs and 

BEHP were detected in each flrstquarter W o w  groundwater sample. BEHP was absent in 

second-quarter samples, and laboratory contamhation may account for the frrst-quarter results. 

Aluxuhuim was detected in three of five second-quarter samples, and vanadium was detected in 

only one sample. Neither alumitlum nor vanadium was detected in fmtquarkr shallow 

groundwater samples. Due to the hydrophobic nature of dioxins, they are not expected to 

migrate from soil to groundwater. It bas been suspected that fmtquarkr results may reflect the 

influence of sediment entrained in the monitored zone during well installation. Third- and 

fourthquarter results will confirm whether TEQs and BEIfP are present in shallow groundwater. 

This review will facilitate responsible and sound risk management decisions. 
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Deep Groundwater 

Hypothetical Site Residents 

The carcinogenic COCs identified in shallow groundwater are TEQs, BEHP, chlorofonn, and 

heptachlor epoxide. Cadmium and thallium were identified as COCs based on noncarcinogenic 

hazard contributions. 

Hypothetical Site Workers 

The carcinogenic COCs identified in shallow groundwater are TEQs and heptachlor epoxide. 

The COC identified from its HQ is thallium. 

The extent of the COCs identified in deep groundwater is briefly discussed below. TEQs were 

detected in each first-quarter shallow groundwater sample. BEHP was detected in two of five 

flrstquarter deep groundwater samples but was absent in secondquarter samples. Laboratory 

contamination may account for the first-quarter BEHP results. Chloroform was detected in one 

fmt-quarter sample but absent in secondquarter samples, as was heptachlor epoxide. Thallium 

was detected in two fmt-quarter samples but was not detected in any second-quarter sample. 

Cadmium was the only deep groundwater COC detected during both quarterly sampling events. 

Due to the hydrophobic nature of dioxins aed heptachlor epoxide, they are not expected to 

migrate from soil to groundwater. It has been suspected that fust-quarter d t s  may reflect the 

influence of sediment entrained in the monitored zone during well installation. BEHP, 

chloroform, and thallium detections solely during first-round deep groundwater sampling raise 

suspicions as to whether results from this sampling r o d  were representative of deep 

groundwater quality. Third- and fourth-quarter results will codinn whether TEQs, heptachlor 

epoxide, BEHP, chlorofonn, and thallium are present in deep groundwater. This review will 

facilitate responsible and sound risk management decisions. 
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6.2.3.6 Risk Uncertainty 

Characterization of W u r e  Setting and Itden~cation of Exposure Pathways 

The potential for high bias is introduced through exposure setting and pathway selection due to 

the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when asseking potential and c m n t  exposure. The exposure assumptions made in 

the site worker scenario are highly protective and would tend to overestimate exposure. Site 

workers are exposed to surface soil when walking across the site or during maintenance. 

However, site workers would not be expected to work onsite in contact with affected media for 

eight hours per day, 250 days per year as assumed in the exposure assessment. Performing 

maintenance onsite 52 days per year would result in one-frfth the projected riskhazard for site 

workers. If the exposure were adjusted to account for the percentage of time spent performing 

maintenance onsite, CDI (and thus riskmazard estimates) would be much less than that presented 

in Section 6.2.3.3. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current reuse plans designate Zone H as a marine cargo terminal. If 

this area were used as a residential site, the buildings would be demolished, and the surface soil 

conditions would likely change. Consequently, exposure to current surface soil would not be 

likely under a true future residential scenario. These factors indicate that exposure pathways 

assessed in this HHRA would generally overestimate the risk and hazard posed to current site 

workers and future site residents. 

No site features at combined SWMU 14 would have a substantial influence on potential exposure 

for future site workers. The entire investigative area comprises approximately 14 acres. Future 

site workers and residents would likely. Erequent only a portion of the total area. 

Shallow groundwater is not currently used at combined SWMU 14 for potable or industrial 

purposes. A basewide system provicling dmkhg d process water to buildings throughout 
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Zone H is to remain in operation under the current base reuse plan. As a result, shallow 

groundwater would not be expected to be used under future site use scenarios. -fore, the 

scenario established to project risk/hazard associated with shallow groundwater exposure is 

highly conservative and associated pathways are not expected to be completed in the future. 

Detenninadon of Exposun Point Concentmhtts 

The maximum concentrations reported in groundwater (shallow and deep) d m  either quarterly 

sampling event were used to calculate riskmazard for all COPCs. The use of maximum reported 

concentrations would wmshate CDI and the resulting r i s w .  In surface soil, UCLs 

were calculated for COPCs identified at AOCs 670 and 684. 

Fnquency of Detection cutd S '  D&t&&n 

SWMU 14 Surface Soid 

BEQs were detected at only om of 10 sampling locations (014SB106) above the residential RBC. 

Arsenic, beryllium, and vanadium were not detected in any surface soil sample above their 

background UTLs. Wilcuxon rank sum tests resulted in their inclusion. Al* was detected 

in one sample (014SB010) at a concentration above its corresponding UTL (29,600 vs. 25,310 

mgkg). Because concentrations of these naturally occurring elements were comparable to 

background levels, their inclusion in risk/hazard projections is considered conservative. Based 

on these f e s ,  the frequency of detection of most SWMU 14 fluface soil COCs would 

indicate a low probability of chronic exposure at the applied EPC. 

SWMU 15 Surface Soil 

BEQs were detected above the residential RBC at six locations (OlSSB001, 015SB003, 

015SB004, 015SB005, 015SB006, and 015SB007). Arsenic was detected in two surface soil 

samples above both the residential RBC and the backjpwund UTL (015SB003 and 015SB004). 

The detection at location 015SB003 was only marginally higher than the background UTL 

(15 vs. 14.81 mgkg). Because concentrations of these naturally occurring elements were 
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comparable to background levels, their inclusion in risk/hazard projections is considered 

conse~ative. Based on Wings, chronic exposure to arsenic above naturally occwring 

b a c m  levels would be improbable. BEQs are, however, sufficiently widespread to present 

a reasonable chance of chronic exposure, if not at thmmimum concentration used as the EPC. 

AOC 670 Surface Soil 

BEQs were detected above the residential RBC at 15 of 34 locations. The ILCRs on 

Figure 6.2.3.3 represent the risk associated with BEQs at these locations. Two antimony results 

exceeding the residential RBC were reported. The limited extent of antimony reduces the 

probability of chronic exposure at ttse EPC. Arsenic was detected in six surface soil samples 

above both the residential RBC and the background UTL (670SB001, 670SB005, 670SB012, 

670SBO23, 670SB031, and 670~~032) .  Of these samples, only two locations had arsenic 

concentration more than 20% higher than the background UTL. This indicates that in most 

i n s m s ,  soil arsenic concentrations are similar to natmlly occuning levels. 

AOC 684 Surface Soil 

BEQs were detected above the residential RBC at 24 of 44 locations. The ILCRs on Figure 

6.2.3.3 primarily represent the risk associated with BEQs at these locations. Aroclor-1254 and 

1260 were reported at two and three locations in the northern section of AOC 684 and were 

widely distributed (locations 684SB007, 684SB032, and 684SB033). 

Eight antimony results exceeding the residential RBC were reported. The limited extent of 

antimony reduces the probability of chronic exposure at the EPC. Although beryllium was 

detected in 25 of 32 surface soil samples collected, only one location (684SB009) had a 

co~lcentration exceedmg the background UTL (1.5 1 vs. 1.47 mgkg) . Arsenic was detected in 

19 of 32 surface soil samples above both the residential RBC, but only detected at one location 

(684SB026) above the background UTL. Because concentrations of beryllium and arsenic were 
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comparable to background levels in most cases, their inclusion in risk/hazard projections is 

considered conservative. 

The probability of chronic expome to antimony and Aroclors at the applied4EPCs is low based 

on the observed distributions at AOC 684. Furthermore, exposure to beryllium at concentrations 

in excess of naturally occurring levels is unlikely based on the limited number of background 

exceedances. BEQs were detected at a sufficient m e m y  to conclude that chronic exposure 

is possible, and use of the UCL mean as the EPC should provide a reasonable approximation 

of exposure. 

Potential Benzo(a)pyrene Equivalent Source 

BEQs were detected frequently in surface soil in combined SWMU 14, There appears to be a 

correlation between elevated cPAH concentrations in surface soil and a black materia1 with the 

consistency of cinders. This material has been used extensively across the zone for road base 

and general fa. Because it originated from coal burning, the detection of cPAHs in soil mixed 

with the material is not unexpected. The characteristics of the material including a cinder 

consistency would tend to minimize coingestion with native soil. The material was at the surface 

in some areas of SWMU 14 and buried beneath more recent soil frll in others. As a result, 

constructioning a comprehensive coal clinker distribution map was not possible. This material 

should, however, be considered in the risk management process. 

Shallow Groundwater 

Although BI3-P was detected in samples from all five monitoring wells during the fust quarterly 

sampling event, the maximum wmentration detected was used as the EPC. This overestimates 

the hot spot's risk and hazard based on the assumption that the maximum concentration is the 

concentration for the whole SWMU. The absence of BEHP in second-quarter samples draws 

into question the potential chronicity of exposure through shallow groundwater pathways. TEQs 
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presence in shallow groundwater may be c o d d  or refuted by third- and fourthquarter 

sampling results. 

Deep Gromdwater 

In deep groundwater, heptachlor epoxide, BEHP, chloroform, and thallium were detected 

exclusively in fim-quarter samples. Therefore, use of the maximum concentration as the EPC 

is highly comernative due to the improbability of chronic exposure. Furthermore, most COCs 

in deep groundwater were not detected in shallow growxiwater. Therefore, there is no direct 

indication that the COCs identified in deep groundwater are associated with former disposal 

practices. 

Elevated TPH results were reported in soil onsite. No groundwater sample contahl detectable 

concentrations of TPH, indicating that the shallow aquifer is sufficiently protected under current 

conditions from soil-to-groundwater cross-media transport of TPIf constituents. 

QuaaW~cation of RiMHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process 

is great. In addition, many site-specific factors have affected the uncertainty of this assessment 

that would upwardly bias the risk and hazard estimates. Exposum pathway-specific sources of 

uncertainty are discussed below. 

Sod 

Of the CPSSs screened and eliminated from formal assessment because they did not exceed the 

c o r r e s p o ~  RBCs, none was reported at a concentration within 10 % of its RBC, reducing the 

likelihood of potentially significant cumulative riskhazard with respect to the elinhated CPSSs. 

Beryllium and manganese exceeded their corresponding RBCs, but maximum concentrations of 

these elements did not exceed the corresponding reference comxntrations. Because they did not 
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contribute to excess risklhazard at the site, they were eliminated from fonnal assessment based 

on co-11s to the reference concentrations. 

Although thê futute land use at this site is unknown, both the worker and residential exposure 

scenarios were assessed in this HHRA. 

CT was not fonndly analyzed for surface soil, but a simplified approach was taken to assess the 

potential influences of its assumptions. The CT assumption for residential exposure duration is 

nine years compared to the 30-year assumption for RME. The CT exposure frequency 

assumption is 234 dayslyear compared to 350 dayslyear RME. If all other exposure assumptions 

remain fxed, applying the CT exposure duration and frequency would result in lifetime cancer 

risk projections and adult noncancer effects approximately 80% below the M E .  For the child 

resident, the CT exposure duration is equal to RME and the same adjustment is made to 

exposure frequency. This translates into projections 34% below RME for child resident 

noncancer effects. At CT, the residential surface soil pathway related risk (incidental ingestion 

and d e d  contact) would fall below the 1E4 at each of the individual sites but would still be 

considerably higher than the I E-6 point of departure. Additionally, all RME-based COCs would 

be retained. For SWMU 14. AOC 670, and AOC 684 the child resident surface soil pathway- 

related HIS would, however, fall below 1 under CT assumptions. Arsenic at SWMU 15 would 

be the only noncarcinogenic COC identified for any SWMU or AOC in combined SWMU 14. 

Groundwater 

Of the CPSSs screened and eliminated from formal assessment, none was reported at 

coracentrations close to the correspondii RBCs (i.e., within approximately 10% of the RBC), 

reducing the likelihood of potentially significant cumulative riskmazard with respect to the 

eliminated CPSSs. 
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CT was not formally analyzed for S W M U  14 shallow or deep groundwater, but a simplified 

approach was taken to assess the potential influences of CT assumptions. The CT assumption 

for residential exposure duration is nine years compared to the 30-year assumption for RME. 

The CT exposure lkeqw~~:y assumption is 234 dayslyear compared to 350 days/year RME. If 

al l  other exposure assumptions remain fured, applying the CT exposure duration and frequency 

would result in risk projections approximately 80% below the RME. For the child resident, the 

CT and RME exposure duration are equal and the same adjustment is made to exposure 

frequency. This translates into projections 34 % below RME for child resident noncancer effects. 

At CT, the residential shallow and deep groundwater pathway-related risk (incidental ingestion 

and inhalation) would fall below the 1E-4, but would still be considerably bigher than the 1E-6 

point of departure. The child resident shallow groundwater HIS would, however, fall from 2 

to 1 under CT assumptions, and noncarcinogenic COCs would remain the same for combined 

SWMU 14 shallow groundwater. The deep groundwater under CT assumptions would 

remain above 1 for the resident child due to heptachlor epoxide only. 

In consideration of the rather tenuous nature of most current shallow and deep groundwater 

COCs (and thus risk/hazard projections) third- and fourthquarter results should codm whether 

COCs are present in groundwater. This review will be imperative to reach responsible and 

s o d  risk management decisions. 

6.2.3.7 Risk Summary 

The risk and )rrrlatd posed by contaminants at combined SWMU 14 were assessed for the 

hypothetical site worker and the hypothetical future site resident under reasonable maximum 

exposure assumptions. In d a c e  soil, the incidental ingestion and dermal contact pathways 

were assessed in this HHIRA. Ingestion and inhalation were evaluated for shallow and deep 

groundwater based on first- and second-quarter groundwater monitoring data. Table 6.2.3.46 

fllmmarizes risk for each pathwaylreceptor group evaluated for combined SWMU 14. 
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Tabk 633.17 
Eqaure Pathways Stllllllrqt~ - SWMU 14 

Navd Base Charleston 
Charleston, South Carollnn 

Potentially Exposed Medium and Erpoaure Pathway Selected 
Population Pathway for Evaluation? Reason for Selection or Exctusloo 

Current Land Uses 

Cumnt Slte Air, Inhalation of gaseous No No siOnificrnt VOC wncemntions were 
User~Mdntenmce cu-fs emanating idendtied a! this site based on the screening 

from soil comparisons used to develop the list of 
COPCs. 

Air, Inhalation of 
chemicaIs entrained in 
fugitive dust 

Shallow groundwater. 
Ingestion of wntamhants 
during potable or general 
use 

Shallow groundwater, 
Inhalation of volptilized 
shrllow g r d w a t c r  
contaminants 

Shallow groundwater, 
Ingestion of contaminants 
during potable or general 
use 

Shallow groundwater, 
Inhalation of volatilized 
shallow groundwater 
contaminants 

Exposure to dust generated by site users 
traversing the a m  would be minimized by 
paved and/or vegetated soils. 

Shallow groundwater is not currently used 
as a source of potable or non-residential 
water at SWMW 14. 

Shallow groundwakr is not currently used 
as a source of potable or wn-residonttl 
water at SWMU 14. 

Shallow groundwater is not currently used 
as a source of potable or non-residential 
water at SWMU 14. 

Shallow groundwater is not currently used 
as a source of potable or mn-residential 
water at SWMU 14. 

Soil, Incidental ingestion No (Qualified) Future lnnd use assessment is considered to 
be protective of current receptors. 

Soil, Dermal contact No ( W e d )  Future land use ussessment is considered to 
be protective of current receptors. 

Future Land Uses 

Future Site 
Residents (Child 
and Adult) and 
FubYe Site Worker 

Air. Inhalation of gaseous 
contamhants emanating 
from soil 

No No significant VOC concentrations were 
identified at this site based on the screening 
comparisons used to develop the list of 
COPCs. 

Air, I hh t i on  of 
chemicals entrained in 
fugitive dust 

Shallow groundwater, 
Ingestion of contamiaants 
during potable or general 
use 

No Exposure to dust generated by site users 
traversing the a m  would be minimizca by 
paved &or vegetated soils. 

Yes CPSSs were greater than RBC and 
Reference concentrptioas. 



Tabk 633.17 
Expsure Pathways Summug - SWMU 14 

Naval Bsre Charledoa 
(=hnrlestw, South c a r o ~  

Potentiplly Exposed Medium and Expcrsun Pathway Stltefed 
PopulPtfon Pathway for ~ h t i o n ?  Reason for S o k c t h  or Fkddon 

Shallow groundwater, 
Inhalation of volatilized 
con taminnntP during 
domestic use 

Deep groundwater, 
Ingestion of con-ts 
during parable or general 
use 

Deep groundwater, 
Inhalation of volatilized 
con tnminants duting 
domestic use 

Soil, Incidental ingestion 

Soil, Dermal contact 

Wild game or domestic 
animals, Ingestion of 
tissue impacted by medii 
conramhation 

Fruits and vegetables, 
Ingestion of plant tissues 
grown in media 

No No VOCs were identified at this site based 
on the . s ~ ~ - ~ I I s  used to 
develop the list of COPCs. 

Yes 

Yes 

Yes 

Yes 

CPSSs were greater than RBC and 
Reference mncentrations. 

VOCs were idtntifKd at this site based on 
the screening comparisons Usbd to develop 
thc list of C O P 0  for first quarter deep 
groundwater. No VOCs were identiiied as 
COPCs based on second quarter 
groundwater dam. 

Currmt soil conditions wen nsscssed for 
the hypothetical residential and site worker 
scenarios. However, m y  future 
wmmction activities would likely include 
clean soil being placed on top of current 
surfpce soils. 

Current soil conditions were assessed for 
the hypothetical residential scenario. 
However. my future construction activities 
would likely include clean soil being placed 
on top of current swface soils. 

Huntingltaking of game andlor raising 
livestock is prohibited within the 
Charleston. South Carolina city limits. 

No The potential for significant exposure via 
this pathway is low relative to that of other 
exposure pathways pssesssd. 
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Finul RCR4 Facility fnvatigahahon Rcport for Zone H 
NAVBASE Charleston 
Section 6: Baseline Risk assess men^ 
Jrrty 5, 1996 

Table 6.2.3.38 
NAVBASE - CbPricston Zone H 

APC 670 
USEPA LEAD MODEL V d o n  0.99d Output 

AIR CONCENTRATION: 0.100 pg Pb/m3 DEFAULT 

Moor AIR Pb Conc: 30.0 percent of outdoor. 

Other AIR P-n: 

Tlme Outdoors Vent. Rate 
ow) (m'lday) 

DIET: DEFAULT 

DRINKING WATER Cone 15.00 fig PbL 
(set aqual to the USEPA Office of Wate~ T-t Technique AL) 
WATER Consumption: Default 

son 8~ DUST: 
Soil: constant conc . 
Dust: constantconc. 

House Du!st 

Additional Dust Sources: None DBFAULT 

ALTERNATE SOURCE Intake: 
5-6: 0.50 pg Pblday 

CALCULATED BLOOD Pb aad Pb UPTAKES: 

Blood Level Total Uptake M t ~  
Year WdLl W d a ~ )  W h y )  

5-6 3.9 12.65 5.08 

Met U-e Water U@&e Alternate Source Air UptaLe 
Year W &Y) W day) UptPLe (Irglday) W b y )  

5-6 2.98 4.09 0.41 0.09 
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6.2.5 Baseline Risk Assessment for SWMU 159 

6.2.5.1 Site Background and Investigative Approach 

SWMU 159 was investigated to assess soil at the former SAA for temporary accumulation and 

storage of hazardous materials. Materials stored onsite included batteries, aerosol cans, and 

paint waste. An AST containing diesel fuel, a can crusher, and small debris piles are also at 

the SWMU. SWMU 159 is near Building 665 in the south-central portion of Zone H. Sixteen 

soil samples were collected from the surface interval (0 to 1 foot deep). Table 6.2.5.1 shows 

each surface soil designation and lists analytical methods used. Groundwater was not sampled. 

Two sediment samples were collected from a tidal estuary topographically downgradient of the 

site. Analytid results for these samples are presented in Section 4. The area from which the 

samples were collected is adjacent to a storm water outfall which drains nearby parcels including 

SWMU 159. This area is flooded by water originating in Shipyard Creek and surface runoff 

from adjacent parking lots for more than half of the year. Because of possible rafreguent 

contact, this medium was formally addressed. A single surface water sample was collected from 

the same tidaI estuary near the storm water outfall. The surface water analytical results for this 

sample are discussed below. Surface water and sediment samples were analyzed for volatile and 

semivolatile organics, chlorinated pesticides, PCBs, horganics, and indeterminate lubricating 

oil. 

6.2.5.2 COPC IdenW~cation 

Soil 

Surface soil data and screening values used in the screening comparison for SWMU 159 soil are 

summarized in Table 6.2.5.2. As shown in the table, cPAHs (as BEQs) and aluminum were the 

only identifled soil COPCs. Indeterminate lubricating oil was identified in all 16 surface soil 

samples. The oil concentrations ranged from 29 to 170 mg/kg. The soil AL of I00 mglkg 

established for petroleum hydrocarbons at NAVBASE was exceeded in multiple samples. 
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Surface Water 

As described in Section 4, no organic compounds were detected in the d a c e  water sample 

collected in conjunction with the SWMU 159 RFI. No reference (background) surface water 

data were collected as part of the Zone H RFI. Extensive surface water sampling is planned for 

the Zone J RFI, which will include collecting samples from reference surface waters which will 

be used to assess the relevance of concentrations reported in Zone H site-specific investigations. 

As discussed in Section 4, arsenic (2.8 pg/L) and manganese (312. pg/L) were the only surface 

water constituents detected in the sample above their corresponding risk-based screening values. 

Both are naturally occu.rrhg elements, and their presence in SWMU 159 surface water is not 

unexpected. Surface water risk was not formally assessed at SWMU 159 pending results of 

reference area sampling as part of the Zone J RFI. 

Sediment 

Sediment data and screening values used in the screening comparison for SWMU 159 sediment 

are summarized in Table 6.2.5.3. As shown in the table, cPAHs (BEQs), heptachlor epoxide, 

chlordane (alpha and gamma isomers), aluminum, and arsenic were the only identified soil 

COPCs. Indeterminate lubricating oil was identifed in both sediment samples at concentrations 

ranging from 52 to 2,000 mgfkg. The soil AL of 100 mg/kg was exceeded in one sample. The 

residential soil RBCs were used as the risk-based screening values for sediment, and surface soil 

reference concentrations were used to evaluate results relative to naturally occurring levels. The 

residential RBCs provide a conservative screening approach. Surface soil reference 

concentrations were used to provide a reasonable account of potential ambient sediment quality. 

6.2.5.3 Exposure Assessment 

Exposure Setting 

The exposure setting at SWMW 159 is a small, essentially undevelaped area (less than two-thirds 

of an acre) close to Building 665. Currently, a diesel fuel AST cumpies a portion of the area 

along with a can crusher and small debris piles. The site is the former location of an SAA for 
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batteries, aerosol cans, and paint waste. The marshy area south of the SWMU was formally 

assessed for potential sediment exposures. 

The site is expected to remain commenciayindustrial property. SWMU 159 is within an area 

proposed to become a marine industrid park War open buffer (potential recreational) area 

under current base reuse plans. 

Potentially Exposed Populations 

Potentially exposed populations include current and future site workers as well as hypothetical 

future site residents. Because many traditional activities at NAWASE have ceased or are 

expected to cease in the near future, current site workers were not specifically addressed in the 

formal assessment. Due to the lack of specific knowledge regarding the functions that will be 

performed by future site workers, a standard default scenario was developed. A similar 

approach was applied for future site residents. Adolescent trespassers were considered as a 

possibly exposed population with respect to sediments. 

Exposure Pathways 

Exposure pathways for future site workers and site residents were based on an evaluation of the 

impacted media identified at SWMU 159. Rehtive to the soil matrix, incidental ingestion and 

dermal contact were considered viable exposure pathways. Groundwater exposure pathways 

were not considered because this matrix was not included in the RFI scope. Uniform exposure 

was assumed for all sample locations. For the sediment matrix, adolescent trespasser exposures 

were evaluated via incidental ingestion and dermal contact pathways. The exposure assumptions 

applied to evaluate these pathways are described below. Table 6.2.5.4 presents the exposure 

pathway selection process and justifies each pathway evaluated. 

Adolescent trespassers (ages 7 to 16) were assumed to gain access to the SWMU 159 area one 

day per week (52 dayslyear). Because the marshy area from which sediment samples were 
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collected is flooded at least 50% of the time, sediment exposure frequency was assumed to be 

26 dayslyear. The trespassers will have an exposure duration of 10 years. The sediment 

ingestion rate was set at 100 mglday, and the contact surface area was conservatively established 

as 4,100 cm2levent (at one eventhy). The body weight of the adolescent trespasser was 

assumed to be 45 kilograms. 

Exposure Point Concentrations 

At SWMU 159, 16 d a c e  soil samples were collected. A UCL based exposure quantification 

process was not warranted on contaminant distributions in surface soil. For aluminum, the 

maximum concentration was used as the EPC in surface soil. BEQs were reported at three 

locations (159SB001, 159SB010, and 159SBOll) at concentrations ranging from 0.00018 to 

0.128 mglkg. These three sampling locations became the primary focus relative to BEQs and 

exposure quantification, due to the isolation of the soil impacts. Sample 159SBOll contained 

the greatest quantity of BEQs, and was the point at where the residential RBC was exceeded. 

A conservative estimate indicates that this location could represent soil quality over 10% of the 

total SWMU area. As the initial step in evaluating reasonable maximum exposure, the BEQ 

concentration reported in sample 159SBOll was used as the EPC. The implications of the 

alternate hot spot (FIIFC) approach to assessing BEQs in SWMU 159 surface soil are discussed 

in Section 6.2.5.5. 

Because only two sediment samples were collected, the maximum concentration of each 

identified COPC was used as the EPC for this medium. 

Quantification of Exposure 

Soil 

Tables 6.2.5.5 and 6.2.5.6 present CDIs for the ingestion and d e d  contact pathways, 

respectively. 
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Sediment 

Tables 6.2.5.7 and 6.2.5.8 present CDIs for the sediment ingestion and dermal contact 

pathways, respectively. 

6.2.5.4 Toxicity Assessment 

Table 6.2.5.9 presents the toxicological information used to quantify risk associated wit. 

exposwe to surface soil and sediment COPCs at SWMU 159. The following paragraphs present 

the brief toxico~ogical profiles as welI as toxicological values (SFs and RfD) used to project 

risWhazard based on computed CDI as well as discussions of the potential toxic effects and 

target organs for each. 

PoZym& hydmcarbons include the following COPCs: 

Benzo(a)antbracene TEF 0.1 

Benzo(b) fluoranthene TEF 0.1 

Dibenz(a, h)anthracene TEF 1.0 

knzo(k)fluoranthene TEF 0.01 

k m ( a ) ~ ~ r e n e  TEF 1.0 

Indeno(l,2,3 -cd)pyrem TEF 0.1 

Chrysene TEF 0.001 

Some PAIIs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well-established. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classifred by USEPA as B2 carcinogens, and their 

carcinogenicify is addressed relative to that of BAP, having an oral SF of 7.3 (mg/kg-&y)-1. 

TEFs, also set by USEPA, are multipliers that are applied to the detected concentrations, which 

are subsequently used to calculate excess cancer risk. Most carcinogenic PAHs have been 

classified as such due to animal studies using large doses of p d i e d  PAHs. There is some 
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doubt as to the validity of these listings, and the SFs Iisted in  USEPA'S RBC Table are 

provisional. However, these PAHs are carcinogens when the exposure involves a mixture of 

other carcinogenic substances (e.g., coal tar, soot, cigarette smoke, etc.). As listed in IRIS 

(search date 6/28/95), BAP B2 classification is based on insufficient human data specifically 

linking it to a carcinogenic effect. However, multiple animal studies in many species 

demonstrate BAP to be carcinogenic by numerous routes. 

BAP has produced positive results in numerous genotoxicity assays. At the June 1992 CRAVE 

Work Group meeting, a revised risk estimate for BAP was verified (see Additional Comments 

for Oral Exposure). This section provides information on three aspects of the carcinogenic risk 

assessment for the agent in question - the USEPA classification, and quantitative estimates of 

exposure. The classification reflects a weight-of-evidence judgment of the likelihood that the 

agent is a human carcinogen. The quantitative risk estimates are presented in application of a 

low-dose extrapolation procedure and is presented as the risk per mg/kg-day. The unit risk is 

the quantitative estimate in terms of either risk per pg/L drinking water or risk per pg/m3 air 

breathed. The third form is drioking water or air concentration providing cancer risks of 1 in 

10,000 or 1 in 1 million. The Carcinogenicity Background Document provides details on the 

carcinogenicity values in IRIS. Users are referred to the Oral Reference Dose and Reference 

Concentration sections for infomation on long-term toxic effects other than carcinogenicity. 

As listed in IRIS, dibenz(a,h)anthracene and benzo(b)fluoranthene are classified a B2 due to 

human data but sufficient data from animal bioassays. Benzo(b)fluoranthene produced tumors 

in mice after lung implantation, intraperitoneal or subcutaneous injection, and skin painting. 

As listed in IRIS, benzo(a)anthracene and benzoQfluoranthene B2 classifications are based on 

no human data but sufficient data from animal bioassays. Benzo(a)anthracene produced tumors 

in mice exposed by gavage; intraperitoneal, subcutaneous, or intramuscular injection; and topical 

application. Bemo(a)ant.hmcene produced mutations in bacteria and in mammalian cells, and 
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transformed mammalian cells in culture. Benzo(k)fluoranthene produced tumors after lung 

implantation in mice and when administered with a promoting agent in skin-painting studies. 

Quivocal results have been found in a lung adenoma assay in mice. BenzoQfluoranthene is 

mutagenic in bacteria (Khmem et al., 1986). 

Other P u s  - those not classified by USEPA as carcinogens - are toxic to the liver, kidney 

and blood. Tbis group of PAHs includes compounds such as pyrene, acenaphthene, 

acenaphthylenc, benzo(g, h, i)perylene, and phenanthrene. USEPA determined RfDs for only 

two of these compounds: ppne's Ra), is 0.03 mglkg-day, and tbis RfD is also used as a 

surrogate RfD, for phenanthrene. The RfD, for acenaphthene was 0.06 mgfkg-day . 

Hepfachbr is an insecticide that was used to control flies, mosquitoes, and field insects 

(Dreisbach, et al., 1987). USEPA detembed this compound to be a class B2 carcinogen, and 

determined the SF, to be 4.5 (mglkg-day)-1. As listed in IRIS (search date 6/29/95), the 

classification is based on inadequate human data, but sufficient evidence from studies in which 

benign and malignant liver tumors were induced in three strains of mice of both sexes. Several 

structurally related compounds are liver carcinogens. The primary target organs for this 

pesticide are the liver and kidneys, and USEPA determined the Ra), to be 0.0005 mg/kg-day. 

As listed in IRIS, the critical effect of this chemical is liver weight increases in males. The 

uncertainty factor was 300 and the modifying factor was 1. 

HeptacAbr epoxidG is the more toxic form of the insecticide heptachlor (Dreisbach et al., 1987). 

USEPA determined this eornpoufbd to be a class B2 carcinogen, iutd determined the SF, to be 

9. I (mg/kg-day)-'. The primary target organs for this pesticide are the liver and kidneys, and 

USEPA detemhed the IUDo to be 1.3E-5 mglkg-day. 
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Chlordane is a polycyclic chlorinated pesticide. Acute exporn. to high doses of chlordane 

causes tremors and convulsions. Chronic exposure can cause emotional and nemmuscular 

disturbances. Exposed individuals revert to normal approximately one week after the source is 

removed (Dreisbach et al., 1987). USEPA determined this compound to be a class B2 

carcinogen, and determined the SF, to be 1.3 (mglkg-day)-1. USEPA determined the IUD, to 

Aluminum, one of the most abundant metals in the earth's crust (7% alumhum), is ubiquitous 

in air and water as well as soil. This metal is water-soluble, silvery, and ductile, which suggests 

its usefulness in many processes. Ingesting aluminum can affect the: absorption of other elements 

within the gastrointestinal tract and can alter intestinal function. Aluminum can potentially 

interfere with the absorption of essential nutrients and cholesterol. Another effect on the 

gastrointestinal system is the inhibition of acetylcholine-induced contractions. These contractions 

are part of the neuro-muscular system controlling bowel muscles. The effect could explain why 

aluminum-containing antacids often produce constipation. Alwninum dust is moderately 

flammable and explosive in heat. Inhaling this dust can cause fibrosis (aluminosis) (Klaassen 

et al., 1986; Dreisbach et al., 1987). No data are available on an applicable SF or the USEPA 

cancer group. The USEPA Region IV Office of Health Assessment suggested using the 

provisional oral RfD of 1.0 mglkg-day. The aesthetic-based secondary MCL for drinking water 

is 50 to 200 pg/L (USEPA, oflice of Water). 

Arsenic exposure via the ingestion mute darkens and hardens the skin in chronically exposed 

humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and cardiovascular 

effects (Klaassen et al., 1986). USEPA set 0.3 pg/kg-day as the RfD for arsenic based on an 

NOAEL of 0.8 pg/kg per day in a human exposure study. Arsenic's effect on the nervous and 

cardiovascular systems is primarily associated with acute exposure to higher concentrations. 

Exposure to arsenic-containing materials has caused cancer in humans. Inhaling these materials 

can lead to increased lung cancer risk, and ingesting these materials is associated with increased 
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skin cancer rates. Arsenic has been classified as a group A carcinogen by USEPA, which set 

the I .  5 (mg/kg-day)-' SF for arsenic. As listed in IRIS (search date 9/ 1/95), the classification 

is based on dcient evidence from human data. Increased lung cancer mortality was observed 

in multiple human populations exposed primarily through Mat ion .  Also, increased mortality 

from multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased 

incidence of skin cancer were observed in populations consuming drinking water high in 

inorganic arsenic. Human milk contains about 3 ~ g 1 L  arsenic. The RBC for arsenic in tap 

water is 0.038 pgIL. As listed in IRIS, the critical effect of this chemical is hyperpigmentation, 

keratosis, and possible vascular complications. The uncertainty factor was determined to be 3 

and the modifying factor was determined to be 1. 

6.2.5.5 Risk Characterization 

Surface Soil Exposure Pathways 

Exposure to surface soil onsite was evaluated under both residential and industrial (site worker) 

land use scenarios. For these scenarios, the incidental ingestion and dermal contact exposure 

pathways were considered. For noncarcinogenic chemicals evaluated for future site residents, 

HQs were computed separately to address cbildren and adults. Tables 6.2.5.10 and 6.2.5.11 

present the computed carcinogenic risk and noncarcinogenic WQs associated with the incidental 

ingestion and dermal contact with surface soil, respectively. 

IWire Site Residents 

The projected ingestion related ILCR from surface soil was 1E-6, and the dermal pathway risk 

was 7E-7. BEQs were the sole contributor for both pathways. The resident child HIS for 

incidental ingestion and dermal contact pathways were 0.4 and 0.03, respectively. Aluminum 

accounted for the noncarcinogenic hazard. 

When FIlFC fkom contaminated source are considered, a linear reduction in the computed CDI 

occurs. As stated in Section 6.2.5.3, the limited area in which BEQs were detected represents 
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approximately one-tenth of the total area investigated (two-thirds of an acre). Due to the direct 

relationship between CDI and projected riskmazard, the projected carcinogenic risk to future site 

residents considering FI/FC would be 2E-7 (incidental ingestion and dermal contact combined), 

which is less than the most strrngent point of departure (1E-6). This approach is consistent with 

USEPA Region IV guidance; however, it is not formally presented due to distribution of BEQs 

observed onsite. Sample 159SBOll was the only sample that contained BEQs exceeding the 

residential RBC, although lower concentrations were detected in 159SB010 and 159SB001, 

Fcrhrre Site Workem 
The projected ingestion-related ILCR from surface soil was 2E-7, and the dermal pathway risk 

was 3E-7. BEQs were the sole contributor for both pathways. The site worker WIs for 

incidental ingestion and dermal contact pathways were equal to or less than 0.01. 

Because site worker risk projections did not exceed the most conservative 1E-6 point of 

departure assuming that all surface soil was accessible for cmtact exposure, no formal 

assessment was necessary considering the influences of existing site features or FI/FC. The area 

in and around SWMU 159 can be characterized as bare ground, vegetated soil, and asphalt 

surfaces. The samples combining BEQs were collected next to an asphalt drive. 

Sediment Exposure Pathways 

Exposure to sediment onsite was evaluated under an adolescent trespasser land use scenario. For 

this scenario, the incidental ingestion and dermal contact exposure pathways were considered. 

Tables 6.2.5.12 and 6 -2.5.13 present the computed carcinogenic risk and noncarcinogenic HQs 

associated with the incidental ingestion and dexmal contact with sediment, respectively. 

Potenfial Adolescent Ikespassers 

The projected ingestion-related ILCR from sediment was 7E-7 and the dermal pathway risk was 

2E.7. Arsenic was the primary contributor for both pathways. The adolescent trespasser HIS 
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for incidental ingestion and dermal contact pathways were 0.02 and 0.01, respectively. 

Aluminum and arsenic accounted for most of the noncarcinogenic hazard. 

Due to the biased nature of the sediment sampling effort, the CDI and resultant riskhazard 

projections for sediment pathways are expected to be overestimates. The EPCs for each 

sediment COPC were assumed to be the maximum concentration detected. Because the most 

heavily impacted sediment sample (159M0001) was collected at a storm drain outfall, the 

presence of semivolatile cPAHs would be expected, originating with nearby asphalt surfaces. 

The projected risk for the pathway did not exceed the most stringent 1E-6 pint of departure, 

and therefore, a more detailed assessment was not warranted. 

COCs Identified 

Based on the evaluation of surface soil exposure pathways presented above, COCs were 

identified in surface soil exclusively for the future site resident scenario at SWMU 159. USEPA 

has established a generally acceptable risk range of 1E-4 to 1E-6, and a hazard threshold of 1.0 

(unity). In this HHRA, a COC was considered to be any chemical contributing to a cumulative 

risk level of 1E-6 or greater andfor an HI above 1 .O, if its individual ILCR exceeds 1E-6 or its 

WQ exceeds 0. I .  For carcinogens, this approach is comparatively conservative because USEPA 

Region IV recommends a cumulative risk level of IE-4 (and individual U R  of 1E-6) the 

trigger for establishing COCs. The COC selection method presented was used to provide a more 

comprehensive evaluation of chemicals contributing to carcinogenic risk or noncarcinogenic 

hazard during the RGO development process. 

Suvace Soil 

Hypothetical Site Residents 

BEQs were identified as the sole COCs for this scenario based on the sum ILCR. 
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Hypothetical Site Workers 

No COCs were identified for this scenario based on the sum ILCR and HI. 

Due to the limited extent of identified soil impacts, graphical presentation of risk projections for 

SWMU 159 d a c e  soil was determined to be of limited use. Section 6.2.5.3 discusses the 

distribution of BEQs identified in surface soil at SWMU 159. 

Sediment 

Potential Adolescent Trespassers 

No COCs were identified for this scenario based on the sum ILCR and HI. 

6.2.5.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by 

USEPA Region IV when assessing potential future and current exposure. The exposure 

assumptions made in the site worker scenario are highly protective and would tend to 

overestimate exposure. Under current site use conditions, workers may be infrequently exposed 

to surface soils sampled during the RFI when walking across the site or using the AST buildings 

and parking lot. Based on current operations, however, the potential for extended or typically 

defined chronic exposure is very low. 

Residential use of the site would not be expected, based on current site uses and the nature of 

munding buildings. Current plans call for continued use as nonresidential maintenance 

property, specifically a marine industrial park and/or open buffer space (undeveloped land). To 

develop the site for residential purposes, the asphalt road and parlung surfaces would be 

removed. There is a high probability that the cPAHs in surface soil are associated with these 

materials. Consequently, exposure to current surface sol conditions would not be likely under 
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a true fi~twe residential scenario. A conservative estimate of FI/FC was made to provide a 

ref& approach to exposure quantification, although the acm impacted fraction of the site is 

likely less than 10%. These factors indicate that expom pathways assessed in this HHRA 

would generally overestimate the risk and hazard posed to current site workers and future site 

residents. 

Trespass use of the adjacent marsh is a reasonable, if not likely, potential exposure scenario. 

This periodically flooded area south of SWMU 159 does not provide any extraord'inaxy attraction 

for adolescents. Even so, it is possible that young people (ages 7 to 16) could infrequently play 

in this area. 

Determination of Exposum Point Concentduns 

The maximum concentration reported for BEQs was conservatively applied as the EPC for the 

site. The maximum aluminum concentration in surface soil was used as the EPC for this 

parameter. As a result, the quantification of exposure does not account for potential variability 

in the aluminum concentrations in the soil matrix. The maximum concentration of each sediment 

COPC was applied as the EPC. 

Frequency of Detection and S '  Distribution 

A UCL-based EPC was dismissed for BEQs because it would unacceptably suggest widespread 

presence of these chemicals. As a result, the maximum concentration of BEQs detected at 

SWMU 159 was applied as the EPC although an alternate hot spot approach was considered as 

part of the risk characterization as discussed in Section 6.2.5 3. A conservative FI/FC factor 

was estimated assuming that the analytical results at location 159SBOll were indicative of 

surface soil quality over 10% of the SWMU. Confidence in this assumption is moderate to high 

since the extent of cPAH impacts was welldelineated. 
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All cPAH hits were J-qualified; therefore, confidence in the quantitation is relatively low. 

Elevated indeterminenate lubricating oil (or DRO) results (29 to :I70 rng/kg) were reported in 

soil onsite. 

In sediment, cPAH detections were reported almost exclusively in one of two samples. As a 

resdt, the potential for chronic exposure at the EPC is remote. 

Quantification of RiMHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process 

is great. In addition, many site-specific factors have affected the uncertainty of this assessment 

that would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 

Soil 

Of the CPSSs eliminated from formal assessment because they did not exceed the corresponding 

RBCs, none was reported at a concentration witbin 10% of its RBC. This minimizes the 

likelihood of potentially significant cumulative riskhazard based on the eliminated CPSSs. 

Concentrations of arsenic, beryllium, manganese, and vanadium exceeded their corresponding 

RBCs, but maximum concentrations of these elements did not exceed the corresponding 

reference concentrations. They were eliminated from formal assessment based on comparisons 

to the reference concentrations because they did not contribute to excess risWhazard onsite. 

Wilcoxon rank SUIU tests found that the overall concentration distribution for these elements did 

not differ appreciably from that in background surface soil samples. 

The samples in which BEQs were present were collected directly beneath or close to asphalt 

surfaces. BAP and other cPAHs are constituents of asphalt and their presence is not necessarily 

attributable to past or current site operation. 
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Although the future land use of SWMU 159 is unknown, both the worker and residential 

exposure scenarios were assessed in this HERA. As previously discussed, these scenarios would 

likely lead to overestimate risk and/or hazard. An individual map was not produced for this site. 

The CT assumption for residentid exposure duration is nine years, compared to the 30-year 

assumption for RME. If all other exposure assumptions remain fnd, application of the CT 

exposure duration would result in risk projections 66% below the RME. At CT, the surface 

soil-reIated risk (incidental ingestion and dermal contact) would fall well below the 1E-6 point 

of departure. 

Sediment 

Of the CPSSs eliminated from formal assessment because they did not exceed the corresponding 

RBCs, none was reported at a concentration within 10% of its RBC. This minimizes the 

likelihood of potentially significant cumulative risWhazard based on the eliminated CPSSs. 

Concentrations of aluminum, arsenic, beryllium, chromium, and manganese exceeded their 

corresponding RBCs, but maximum concentrations of these elements did not exceed the 

corresponding surface soil reference concentrations. They were eliminated from formal 

assessment because, based on comparisons to the reference concentrations, they did not 

contribute to excess risk/hazard. Use of surface soil refereme concentrations was deemed a 

reasonably conservative means of assessing the significance of detected sediment concentrations. 

6.2.5.7 Risk Summary 

The risk and hazard posed by contambunts at SWMU 159 were assessed for the hypothetical 

RME site worker and the hypothetical future site resident. In surface soil, the incidental 

ingestion and dermal contact pathways were assessed. No surface soil COCs were identified. 

Table 6.2.5.14 summarizes risk for the combined incidental ingestion and dermal pathways for 

SWMU 159. 
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6.2.5.8 Remedial Goal Options 

Soil 

RGOs were calculated for the future site resident based on the RME risk estimates presented in 

Section 6.2.5.5, and are presented in Table 6 -2.5.15. An alternate set of RGOs developed in 

consideration of estimated FI/FC are also presented in Table 6.2.:5.15. 
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Table 6.2.5.4 
Exposure P n t h ~ y ~  S u m m p ~  - S W M U  159 

Naval Base Charleston 
Cbruleston, South C a r o b  

Potentially Expcwed Medium and bposure Pathway Selected 
Population PPthway for Evaluation? Reason for Selection or Exclusion 

Current Land Uses 

Current Site Air, Malation of gaseous No Based on the COPCs identified in this BRA 
UsersMebtenance contaminants emanating for SWMU 159, w significant VOC 

from soil conuntrations were identified at this site. 

Air, hbhtion of No Exposun to dust generated by site users 
chemicals entrained in travershg the area would be minimized by 
fugitive dust paved andlor vegetated soils. 

Shallow groundwater, No Shallow groundwater is not currently used 
Ingestion of contaminants as a source of potable or non-residential 
during potable or general warn at SWMU 159. 
use 

Shallow groundwater. No Shallow groundwater is not currently used 
Inhalation of volatilized as a source of potable or non-residential 
shallow groundwater water at SWMU 159. 
contaminants 

Soil, Incidental ingestion No (Qualified) Future land use assessment is considered to 
be protective of current receptors. 

Soil, Dermal contact No (Qualified) Future land use assessment is considered to 
be protective of current receptors. 

Sediment, Incidental No (Qualified) Future land use assessmwt is considered to 
ingestion be protective of current receptors. 

Sediment, Dermal contact No (Qualified) Futute land use assessment is considered to 
be protective of current receptors. 

Future Land Uses 

Future Site Air, Inhalation of gaseous No Based on the COF'Cs identified in this BRA 
Residents (Child contaminants emanating for S W  159, m, significant VOC 
and Adult), Site from soil concentrations were identified at this site. 
Trespasser, and 
Future Site Worker 

Air, Inhalation of 
chemicals entrained in 
fugitive dust 

Shallow groundwater, 
Ingestion of contaminants 
during potable or general 
use 

Shallow groundwater, 
Inhalation of volatilized 
con-ts during 
domestic use 

No 

Yes 

Yes 

Exposure to dust generated by site users 
traversing the area would be minimized by 
paved andlor vegetated soils. 

Risk-based screening was performed on 
shallow groundwater data. No COPCs 
were identified at this site. Therefore, 
shallow growlwater was not addressed 
formally . 
Risk-based screening was performed on 
W o w  groundwater data. No VOCs were 
idealified as shallow groundwater COPCs 
at this site. 



Table 6.2.5.4 
Jhposure Pathways Srlmmprv - SWMU 159 

Naval Base Charleston 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
Population Pathway for Evaluation? Reason for Selection or Ekchrsion 

Soil, Incidental ingestion Yes Current soil conditions were assessed for 
the hypothetical residential and site worker 
scenarios. However, any future 
consmction activities would likely include 
clean soil being placed on top of current 
surface: soils. 

Soil, Dermal contact 

Sediment, Incidental 
ingestion 

Sediment, Dermal contact 

Wild game or domestic 
animals, Ingestion of 
tissue impacted by media 
contamination 

Yes 

Yes 

Yes 

Current soil conditions were assessed for 
the hypothetical residential scenario. 
However, any future construction activities 
would likely include clean soil being placed 
on top of current surface soils. 

Curren.t sediment conditions were assessed 
for the hypothetical adolescent trespasser. 
Sediment is exposed approximately 50% of 
the time, which was reflected in the 
exposure estimates for site trespassers. 

Current sediment conditions were assessed 
for the hypothetical adolescent trespasser. 
Sediment is exposed approximately 50% of 
the time, which was reflected in the 
exposure estimates for site trespassers. 

Huntingltaking of game andlor raising 
livestock is prohibited within the 
Charleston. South Carolina city limits. 

Fruits and vegetables, No The potential for significant exposure via 
Ingestion of plant tissues this pathway is low relative to that of other 
grown in media exposure pathways assessed. 
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6.2.6 Baseline Risk Assasment for SWMU 178 

6.2.6.1 Site Background and Investigative Approach 

SWMU 178, approximately 50 feet south of Building X33-A, was investigated to assess soil and 

groundwater near a 1eaE;mg transformer. Six surface soil samples were collected. Table 6.2.6.1 

shows each &ace soil sample designation and analytical methods used for each corresponding 

sample. Groundwater samples collected from two shallow monitoring wells were analyzed for 

a list of pafameters similar to those for soil samples. F i t -  and second-quarter groundwater data 

were used along with soil data as the bases for this HHRA. Groundwater samples are listed in 

Tables 6.2.6.2 and 6.2.6.3 for the first awl second quarters, respectively. 

6.2.6.2 COPC Identification 

Soil 

Surface soil data and screening values used in the screening comparison for SWMU 178 soil are 

summarized in Table 6.2.6.4. As shown in the table, BEQs equivalents were the only identified 

soil COPCs. The results of Wicoxon rank sum test backgn,d comparisons of inorganic CPSS 

that exceeded their corresponding risk-based screening values did not identify any additional 

COPCs. Therefore, surface soil was formally asassessed considering BEQs. TPH was identified 

in five of six surface soil samples analyzed at concentrations ranging between 140 and 

900 mglkg. These concentrations exceed the NAVBASE soil AL of 100 mglkg. 

Groundwater 

Shallow groundwater data and screening values used in the screening comparisons for 

SWMTJ 178 groundwater are flunmarized in Tables 6.2.6.5 and 6.2.6.6 for first- and 

second-quarter results. No groundwater COPCs were identified based on sampling results from 

first or second quarter. The results of Wilcoxon rank sum test background comparisons of 

inorganic CPSSs that exceeded their corresponding risk-based screening values did not identify 

any COPCs. 
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6.2.6.3 Exposure Assessment 

*we Setting 

The exposure setting at SWMU 178 is a small f e d  area with bare soil and grass around a 

recently discovered transformer oil leak. The site is approximately 50 feet south of 

Building X33-A. 

The future use of the site is not defmite; however, it is anticipated to continue to be 

c o m m e r c i a l / i a d ~  property. SWMU 178 is an area proposed to become a cargo terminal 

and general officeltraining facility under current base reuse plans. 

Potentially Exposed Populations 

Potentially exposed populations incIude current and future site workers as well as hypothetical 

future site residents. Because many traditional activities at NAVBASE have ceased or are 

expected to cease in the near future, current site workers were not specifically addressed in the 

formal assessment. Due to the lack of knowledge regarding the specific functions that will be 

performed by future site workers, a standard default scenario was developed for these 

individuals. A similar approach was applied for future site residents. 

Exposure Pathways 

Exposure pathways for fuhue site workers and site residents were based on an evaluation of the 

impacted media identified at SWMU 178. Relative to the soil matrix, incidental ingestion and 

dermal contact were considered as viable exposure pathways. Groundwater ingestion exposure 

pathway was considered, but inhalation was excluded from the assessment because no volatile 

COPCs were identified. Uniform exposure was assumed for all sample locations. Table 6.2.6.7 

presents the exposure pathway selection process and justifies each pathway evaluated. 
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Exposwe Point Concentrations 

At SWMU 178, fewer than 10 samples were colIected from each potential exposure medium. 

As a result, the maximum concentration of each COPC identified in soil was used as the EPC. 

Quantification of Exposure 

Sod 

Tables 6.2.6.8 and 6.2.6.9 present CDIs for the ingestion and dermal contact pathways, 

respectively. 

6.2.6.4 Toxicity Assessment 

Carcinogenic PAHs (or BEQs) were the only COPCs identifd at SWMU 178. The following 

paragraphs present a brief toxicological profiles and the toxicological values (SFs and RFIs) used 

to project risklhazard based on computed CDI and discuss the potential toxic effects and target 

organs for each. 

P o l y m d  hydmcarbons include the following COPCs: 

TEF 

Benzo(a)anthracene 0.1 

Benzo(b)fluoranthene 0.1 

Dibenz(a, h)anthracene 1 .O 

Benzo(k)fluoranthene 0.01 

Benzo(a)pyrene 1 .O 

Indeno(l,2,3-cd)pyrene 0.1 

Chrysene 0.001 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well established. There are no RfTh for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their 
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carcinogenicity is addressed relative to that of BAP, having an oral SF of 7.3 (mglkg-day)-1. 

TEFs, also set by USEPA, are multipliers that are applied to the detected concentrations, which 

are subsequently used to calculate excess cancer risk. These multipliers are discussed further 

in the exposure and toxicity assessment sections. Most CPAHs have been classified as such due 

to animal studies using large doses of purified PAHs. There is some doubt as to the validity of 

these listings, and the SFs listed in USEPA's RBC Table are provisional. However, these PAHs 

are carcinogens when the exposure involves a mixture of other carcinogenic substances (e.g., 

coal tar, soot, cigarette smoke, etc.). As listed in IFUS (search date 6/28/95), the BAP B2 

classification is based on insufficient human data specifically 1- it to a carcinogenic effect. 

However, multiple animal studies in many species demonstrate BAP to be carcinogenic by 

numerous routes. 

BAP bas produced positive results in numerous genotoxicity assays. At the June 1992 CRAVE 

Work Group meeting, a revised risk estimate for BAP was verified (see Additional Comments 

for Oral Exposure). This section provides information on three aspects of the carcinogenic risk 

assessment for the agent in question - the USEPA classification, and quantitative estimates of 

exposure. The classification reflects a weight-of-evidence judgment of the likelihood that the 

agent is a human carcinogen. The quantitative risk estimates are presented in application of a 

low-dose extrapolation procedure and is presented as the risk per (mglkgday). The unit risk 

is the quantitative estimate in terms of either risk per pg/L drinking water or risk per pg/m3 air 

breathed. The third form in which risk is presented is drinking water or air concentration 

providing cancer risks of 1 in 10,000 or 1 in 1 million. The Carcinogenicity Background 

Document provides details on the carcinogenicity values in IRIS. Users are referred to the Oral 

Reference Dose and Reference Concentration sections for information on long-tenn toxic effects 

other than carcinogenicity. As listed in IRIS, dibenz(a,h)anthracene and benzo(b)fluoranthene 

are classified as B2 based on no human data and sufficient data from animal bioassays. 

knzo(b)fluorant.ene produced tumors in mice after lung implantation, intraperitoneal or 

s u b c u ~ u s  injection, and skin painting. 
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As listed in IRIS, the benzo(a)antbmene B2 classification is based on no human data and 

-cient data from animal bioassays. Benzo(a)antVmcene produced tumors in mice exposed by 

gavage; intraperitoneal, subcutaneous, or intramuscular injection; and topical application. It also 

produced mutations in bacteria and in mammalian cells, aod transformed mammalian cells in 

culture. Benzo(lc)fluoranthene produced tumors after lung implantation in mice and when 

administered with a promoting agent in skin-painting studies. Equivocal results have been found 

in a lung adenoma assay in mice. Bem(k)fluorauthene is mutagenic in bacteria (Klaassen et 

al., 1986). 

Other PAHs - those not classified by USEPA as carcinogens - are toxic to the liver, kidney 

and blood. This group of PAHs inc1udes compounds such as pyrene, acenaphthene, 

acenapirthylene, benwtg, $ i)perylene, curd phenanthrene. USEPA determined RfDs for only 

two of these compounds: pyrene's RfD, is 0.03 mglkg-day, and this RfD is also used as a 

surrogate RfD, for phenanthrene. The RfD, for acenaphthene was determined to be 

0.06 mglkg-day. 

6.2.6.5 Risk Characterization 

Surface Soil Expawe Pathways 

Expo= to surface soil onsite was evaluated under both residential and industrial (site worker) 

land use scenarios. For these scenarios, the incidental ingestion and dermal contact exposure 

pathways were considered. For noncarcinogenic chemicals evaluated for future site residents, 

HQs were computed separately to address children and adults. Tables 6.2.6.10 and 6.2.6.11 

present the computed carcinogenic risk and noncarcinogenic HQs associated with the incidental 

ingestion and dermal contact with surface soil, respectively. 
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Future Site Residents 

The projected ingestion related ILCR from surface soil was 2E-6, and the d e m l  pathway risk 

was 9.OE-7. BEQs were the sole contributors for both pathways. No reference dose is available 

for BAP, thus no HQs were computed. 

Future Site Workers 

The projected ingestion related ILCR from surface soil was 2.2E-7, and the dermal pathway risk 

was 3.7E-7. BEQs were the sole contributor for both pathways. No reference dose is available 

for BAP, thus no HQs were computed. 

Because site worker risk projections did not exceed the most conservative lE-6 point of 

departure (assuming that all surface soil was accessible for contact exposure), no formal 

assessment was necessary considering the influences of current site features. The area in and 

around SWMU 178 can be characterized as bare ground. A fence currently prevents frequent 

trespass, and only workers engaged in short-term activities would be likely to enter the area. 

COCs Identified 

COCs were identified based on soil and groundwater pathway risk and hazard projected for the 

site. BEQs were the only COCs in SWMU 178 surface soil. USEPA has established a 

generally acceptable risk range of 1E-4 to 1E-6, and a hazard threshold of 1.0 (unity). In this 

HHRA, a COC was considered to be any chemical contributing to a cumulative risk level of 

1M or greater and/or an HI above 1.0, and whose individual ILCR exceeds 1 E-6 or whose HQ 

exceeds 0.1. For carcinogens, this approach is comparatively conservative, as USEPA Region 

IV recommends a cumulative risk level of 1E-4 (and individual ILCR of 1E-6) as the trigger for 

establishing COCs. The COC selection method presented was used to provide a more 

comprehensive evaluation of chemicals contributing to carcinogenic risk or noncarcinogenic 

hazard during the RGO development process. 



F M  RCRA FmOCIlity Investigation Report for Zone H 
NAVBASE Charleston 

Section 6: Bcrselint? Rhk Assasmnt 
Jufy 5, 1996 

The soil exposure scenarios were mahtahed in both instances. Under the traditional risk-based 

COC trigger provisions, no carcinogenic COCs would be identifled under the hypothetical 

residential use scenario for soil because the cumulative risk is well below 1E-4. 

Surfme Soil 

Hypothetical Site Residents 

BEQs were identified as COCs for this scenario based on their contribution to riskhazard. 

Hypothetical Site Workers 

No COCs were identifed for this scenario based on the sum ILCR and HI. 

Due to the limited extent of identified soil impacts, mapping risk projections for SWMU 178 

surface soil was of limited use. Instead, the extent of the COCs identified in surface soil is 

briefly discussed below. To facilitate this discussion of the extent of COC concentrations, 

residential RGOs were compared to each reported concentration for the COCs identified above. 

RGOs are described in Section 6.2.6.8. RGOs used for this comparison were calculated based 

on an ILCR of IE-6. BEQs were reported at concentrations exceeding the corresponding RGO 

at one sample location, 178SB005 (0.175 mgkg), which was one of only two locations at which 

they were identifed (two of six surface soil samples). Under an assumed future industrial use, 

surface soil RGOs were not exceeded at any sampling location. 

6.2.6.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by 

USEPA Region N when assessing future and current exposure. The exposure assumptions made 

in the site worker scenario are highly protective and would tend to overestimate exposure. 

Under current site use conditions, workers are hfquently exposed to surface soil when 
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working within the fence. Because of the location and size of the site, workers would not be 

expected to work onsite in contact with affected media for a significant portion of the working 

day, and the frequency of activities in this area is far less than the 250 days per year assumed 

in the exposure assessment. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current plans call for continued use as nonresidential cargo terminal. 

If this area becomes residential, surface soil conditions would likely change. Consequently, 

exposure to current surface soil conditions would not be likely under a true future residential 

scenario. These factors indicate that exposure pathways assessed in this HHRA would generally 

overestimate the risk and hazard to site workers and future site residents. In addition, the size 

of the site would indicate that the affected area would make up only a portion of the typical 

backyard exposure area for residents. 

Shallow groundwater is not currently used at SWMU 178 for potable or industrial purposes. 

A basewide system that supplies drinking and process water throughout Zone H is to remain in 

operation under the current base reuse plan. As a result, shallow groundwater would not be 

expected to be used under future site use scenarios. Therefore, the scenario established to 

project risWhazard associated with shallow groundwater exposure is highly conservative, and 

associated pathways are not expected to be completed in the future. 

Determination of Exposure Point Concentrations 

The maximum concentration reported for BEQs was used as the EPC for surface soil. As a 

result, the quantif1catio11 of exposure does not account for potential variability in the contaminant 

concentrations in the matrices. 
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pathway evaluated relative to shallow groundwater. Table 6.2.6.12 summarizes risk for each 

pathwaylreceptor group evaluated for SWMU 178. 

6.2.6.8 Remedial Goal Options 

Soil 

RGOs for the hypothetical site residential scenario were calculated for BAP, as shown in Table 

6.2.6.13. Inc1usion in an RGO table does not necessarily indicate that remedial action is 

warranted. RGOs are options to be considered when making risk management decisions which, 

in accordance with RAGS, are not to be included in HHRAs. 
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Table 6.2.6.7 
Exposure Pathways Summary - SWMU 178 

Naval W e  Charleston 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
Population Pathway for Evaiuation? Reason for Selection or Exclusion 

Current Land Uses 

Current Site Air, Inbaiation of gaseous No Based on the COPCs identified in this BRA 
UsersMaiutenance contaminants emmating for SWMU 178. no significant VOC 

from soil concentrations were identified at this site. 

Air, hidation of No Exposure to dust generated by site users 
chemicals entrained in traversing lhe area would be minimized by 
fugitive dust paved andlor vegetated soils. 

Shallow groundwater, No Shallow groundwater is not currently used 
Ingestion of conminants as a source of potable or non-residential 
during potable or general water at SWMU 178. 
use 

Shallow groundwater, No Shallow groundwater is not currently used 
Jnhalation of volatilized as a source of potable or non-residential 
shallow groundwater water at SWMU 178. 
contaminants 

Soil. Incidental ingestion No (Qualified) Future land use assessment is considered to 
be protective of current receptors. 

Soil, Dermal contact No (Qualied) Future land use assessment is considered to 
be protective of current receptors. 

Future Land Uses 

Future Site Air, Inhalation of gaseous 
Residents (Chf d contaminants emanating 
and Adult) and from soil 
Future Site Worker 

Air, Inhalation of 
chemicals entrained in 
fugitive dust 

Shallow groundwater, 
Ingestion of contaminants 
during potable or general 
use 

Shallow groundwater. 
Inhalation of volatilized 
contaminants during 
domestic use 

Soil, Incidental ingestion 

No Based on the COPCs identified in this BRA 
for SWMU 178, no significant VOC 
concentrations were identified at this site. 

No Exposure to dust generated by site users 
traversing the area would be minimized by 
paved andlor vegetated soils. 

No 

Yes 

No Risk-based screening was performed on 
shallow groundwater data. No COPCs 
were identified at this site, Therefore, 
shallow groundwater was not addressed 
formally. 

Risk-based screening was performed on 
shallow groundwater data. No VOCs were 
identified as shallow groundwater COPCs 
at this site. 

Current soil conditions were assessed for 
the byporhetical residential and site worker 
scenarios. However, any future 
construction activities would likely include 
clean soil being placed on top of current 
surface soils. 



Table 6.2.6.7 
Exposure Pathways Summary - SWMU 178 

Naval Base Charleston 
Charleston, South Carolina 

Potentially Exposed Medium and E.xposure Pathway Selected 
Population Pathway for Evaluation? Reason for Selection or Exclusion 

Soil, D e m l  contact Yes Current soil conditions were assessed for 
the hypothetical residential scenario. 
However, any future construction activities 
would likely include clean soil king placed 
on top of current swface soils. 

Wild game or domestic No Huntingltaking of game andlor raising 
animals, Ingestion of livestock is prohibited within the 
tissue impacted by media Charleston, South Carolina city limits. 
contamination 

Fruits and vegetables, No The potential for significant exposure via 
Ingestion of plant tissues this pathway is low relative to that of other 
grown in media exposure pathways assessed. 
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Frequency of Detection and Spatial Disbibution 

The use of the maximum concentration as an EPC is questionable for the COCs at this site, and 

the calculated risk and hazard could be skewed up or down because of the low frequency of 

detection. The biased sampling approach would tend to skew exposure estimates high. 

BEQs reported in surface soil at SWMU 178 deserves further mention due to the fact that they 

were detected in only two of six samples. The BEQ at only one location exceeded the 

residential RBC. As a result, the potential for chronic exposure at the EPC is consided low. 

Therefore, risk projected in this assessment is considered an overestimate. The only BEQ hits 

were J-qualified; therefore, confidence in the quantitation is relatively low. If frequency of 

detection were used to estimate the Fl from contaminated source and FC from contamhated 

source terms, no COCs would be idenflied for SWMU 178 because the residential ILCR 

(incidental ingestion and dermal contact) would not exceed 1E-6. 

Elevated TPH results (140 to 900 mg/kg) were reported in soil onsite. No groundwater sample 

contained detectable concentrations of TPH, indicating that the sballow aquifer is sufficiently 

protected under current conditions with respect to soil-to-groundwater cross-media transport of 

TPH constituents. 

QumW~cation of RisWHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process 

is great. In addition, mimy site-specific factors have affected the uncertainty of this assessment 

that would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 
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Of the CPSSs screened and eliminated from formal assessment because they did not exceed the 

corresponding RBCs, none was reported at a concentration within 10% of its RBC. This 

minimizes the likelihood of potentially significant cumulative risWhazard based on the elimhted 

CPSSs. Concentrations of aluminum, arsenic, and manganese exceeded their corresponding 

RBCs, but maximum concentrations of these elements did not exceed the corresponding 

reference concentrations. Because they did not contribute to excess risWhazard at the site, they 

were eliminated from formal assessment based on comparisons to the reference concentrations. 

The sample in which BAP was detected was collected directly beneath an asphalt covered lot. 

BAP is a constituent of asphalt and its presence is not necessarily attributable to past or current 

site operation. 

Both the worker and residential exposure scenarios were assessed in this HHRA. As previously 

discussed, these scenarios would likely lead to overestimates of risk and/or hazard. An 

individual map was not produced for this site. 

The CT assumption for residential exposure duration is nine years compared to the 30-year 

assumption for RME. If all other exposure assumptions remain fmed, application of the CT 

exposure duration would result in risk projections 66% below the RME presented in 

Table 6.2.6.10 and 6.2.6.11. At CT, the surface soil-related risk (incidental ingestion and 

dermal contact) would fall below the 1E-6 point of departure. 

6.2.6.7 Risk Sllmmary 

The risk and h d  posed by con taminants at SWMU 178 were assessed for the hypothetical 

RME site worker and the hypothetical future site resident. In surface soil, the incidental 

ingestion and dermal contact pathways were assessed in this HHRA. Ingestion was the sole 
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6.2.4 BaselineRisk-entforSWMU17 

6.2.4.1 Site Background and Investigative Approacb 

SWMU 17 was investigated to assess soil and groundwater potentially affected by site activities. 

SWMU 17 is designated as such because of a 1987 release of 14,000 gallons of No. 5 fuel oil 

from a ruptured fuel pipe beneath Building FBM 61. PCBs were also reported in the soil near 

SWMU 17; a nearby transformer was thought to be the source. 

Thirty-three d a c e  soit samples (0 to 1 foot deep) were collected duriog the RFI. 

Table 6.2.4.1 lists each surface soil designation and the methods used to analyze them. Samples 

were collected from six shallow monitoring wells during two quarkrly monitoring events. 

Tables 6.2.4.2 and 6.2.4.3 list the analytical methods. 

6.2.4.2 C O X  Identification 

Soil 

Based on the screening comparisons described earlier and presented in Table 6.2.4.4, this 

fMRA focused on the following surface soil COPCs: antimony, cadmium, BEQs, and PCB 

Aroclor-1260. Wilcoxon rank sum test results indicate that antimony is not significantly higher 

than background in upper level soil at SWMU 17. In this case, the Wilcoxon test is less 

powerful than usual because antimony nondetects exceed 90% for both site and backgrod 

datasets. Due to shihit ies in chemical-structure and toxicological characteristics, Aroclor-1254 

was considered for retention in the formal assessment along with Aroclor-1260, which exceeded 

its residential soil RBC. Aroclor-1254 was, however, present in only one of 33 surface soil 

samples at collcentrations above soil ALs. As a result of the frequency of detection and the low 

concentration reported, Aroclor-1254 was not retained for formal assessment. 

Petroleum hydmarbons (TPH) were identified in six of 11 surface soil samples analyzed at 

c o n c e d o m  ranging between 100 and 1,200 mg/kg. These c o ~ t i o n s  exceed the soil AL 
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of 100 mg/kg established for NAVBASE. Indeterminate lubricating oil was also present in six 

of seven samples at concentrations ranging h m  12 to 120 mgkg. 

As shown in Table 6.2.4.5, the COPCs identified in first-quarter shallow groundwater were: 

benzidine, 1,2,4-trichlorobenzene, 1,2-dichlorobenzene, 1,3 -dichlorobenzene , and 

1,4-dichlorobenzene. As shown in Table 6.2.4.6, secondquarter COPCs were the same with 

the addition of chlorobenzene, and chromium added. SWMU 17 has no deep groundwater 

monitorbg wells. 

During thirdquarter sampling at SWMU 17, monitoring well 017MW002 r e p o M y  contained 

free product. The free product was characterized as a viscous, oily mass which adhered to the 

bailer. The analytical laboratory was instructed to analyze the free-product phase separately. 

The results for third-quarter groundwater samples at SWMU 17 have not been compiled to date. 

These data will be presented in a subsequent groundwater monitoring report for Zone H, and 

should be considered during risk management decision-making. 

6.2.4.3 Exposure Assessment 

]Exposure -g 

The exposure setting at SWMU 17, referred to as the Oil Spill Area (Building 61) in the RFA, 

is an industrial area wbre the groundwater is not used for any purpose. 

The building is used infrequently as ofice space and classrooms. Surface soil is partially 

covered by pavement and buildings, arad current exposwe to surface soil is minimal. SWMU 17 

area is scheduled to become a marine cargo terminal, according to current base reuse plans. 
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Potentially Exposed Populations 
Potentially exposed populations are current and future site workers. Additional potentially 

exposed populations are hypothetical future site residents. Future site resident and worker 

exposure scenarios were addressed in this risk assessment. The hypothetical future site worker 

scenario assumed continuous exposure to surface soil conditions and the use of shallow 

groundwater as a potable water source. Current site workers' exposure would be less than that 

assumed for the hypothetical future site worker scenario because of their limited soil contact and 

the fact that groundwater is not currently used onsite as a source of potable or process water. 

Therefore, future worker assessment is considered protective of current site users. The future 

site resident scenario was built on the premise that buildings would be removed and replaced 

with dwellings. In addition, the future site residents were assumed to use the shallow aquifer 

onsite for drrnking water. 

Exposure Pathways 

Exposure pathways for the site workers are dennal contact and incidental ingestion of surface 

soil and ingestion and inhalation of con-ts identified in groundwater. The exposure 

pathways for future residential land use are the same as those for the future site worker. In 

addition, the hypothetical future site worker would be continuously exposed to surface soil and 

groundwater. Uniform exposue was assumed for all sample locations unless otherwise 

mentioned. Table 6.2.4.7 justifies exposure pathways assessed in this HHRA. 

Exposure Point Concentration 

As discussed in Section 6.1.4.4, UCLs were calculated for datasets with at least 10 samples. 

As shown in Table 6.2.4.8, UCLs were calculated for surface soil COPCs. There were no more 

than six samples in any dataset for groundwater COPCs. Because current groundwater &ta 

(first and second quarter) may not fully account for temporal variability, it was not considered 

appropriate to establish EPCs based on mean values for the two q w r l y  events. As a result, 
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the maximum COPC concentration reported during either quarter was applied as the shallow 

groundwater EPC. 

QuantiT1cation of Exposwe 

soil 

CDIs for ingestion and dermal contact with d a c e  soil are shown in Tables 6.2.4.9 

and 6.2.4.10. 

Givundwatcr 

The CDIs for groundwater ingestionfWatio11 are presented in Table 6.2.4.11. 

6.2.4.4 Toxicity Assessment 

Toxicity assessment terms and metbods are discussed in Section 6.1.5 of this report. 

Table 6.2.4.12 presen?s toxicologicaI information specific to each COPC identified at 

SWMU 17. This idomtion was used in the quant8ication of risWhazard associated with soil 

and groundwater contamhn&. Brief toxicological profdes for each SWMU COPC are provided 

in the fouowing paragmphs. 

P o Z y m d  hydmctubons include the following COPCs: 

TEF 0.1 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

TEF 0.001 
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Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been wellestablished. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their 

carcinogenicity is addressed relative to that of BAP, having an oral SF of 7.3 (mg/kg-day)-1. 

TEFs, also set by USEPA, are multip1iers that are applied to the detected coflcentrations, which 

are subsequently used to calculate excess cancer risk. Most carcinogenic PAHs have been 

classified as such due to m h d  studies using large doses of pmfied PAHs. There is some 

doubt as to the validity of these listings, a d  the SFs listed in USEPA's RBC Table are 

provisional. However, these PAHs are carcinogens when the expo& involves a mixture of 

other carcinogenic substances (e.g., coal tar, soot, c i g m  smoke, etc.). As listed in IIUS 

(search date 6/28/95), BAP is classified as a B2 carcinogen due to -cient data. However, 

multiple animal studies in many species demonstrate BAP to be carcinogenic following 

administration by numerous routes. 

BAP has produced positive results in numerous genotoxicity assays. At the June 1992 CRAVE 

Work Group meeting, a revised risk estimate for BAP was verified (see Additional Comments 

for Oral Exposure). This section provides information on three aspects of the carcinogenic risk 

assessment for the agent in question: the USEPA classification, and quantitative estimates of 

exposure. The classification reflects a weight-ofevidence judgment of the likelihood that the! 

agent is a human carcinogen. The quantitative risk estimates are presented in application of a 

lowdose extrapolation procedure and presented as the risk per mgkgday. The unit risk is the 

quantitative estimate in terms of either risk per p/L drink.mg water or risk per pg/m3 air 

breathed. The third form in which risk is presented is drinlung water or air concentration 

providing cancer risks of 1 in 10,000 or 1 in 1 million. The Carcinogenicity Backgrod 

Document provides details on the carcinogenicity values in IRIS. Users are referred to h Oral 

Reference Dose and Reference Concentration sections for information on long-term toxic effects 

other than carcinogenicity. 
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As listed in IRIS, the B2 classification for dibenz(a,h)anthmxne, . benzo(a)anthracene, 

benzo(b)fluomthene, and benzo(k)flourantkne is based on no human data but sufficient data 

from animal bioassays. Bcnzo(b)fluoranthm produced tumors in mice after lung implantation, 

imrPperitoneal or s u b c u ~ u s  injection, and skin painting. Benzo(a)anthacene produced 

tumors in mice exposed by gavage; intraperitoneal, s u b c u ~ u s ,  or intramuscular injection; and 

topical application. Benzu(a)mthracene produced mutations in bacteria and in mahmalian cells, 

and transformed mammalian cells in culture. Benzo(k)fluoranthene produced tumors after lung 
. 

implantation in mice and when adrrrrmstered with a promoting agent in skin-painting studies. 

Equivocal d t s  have been found in a lung adenoma assay ia mice. Benzo(k)fluomthene is 

mutagenic in bacteria (Khmsen et al., 1986). 

#her PAHs - those not classified by USEPA as carcinogens -- are toxic to the liver, kidney 

and blood. This group of PAHs includes compounds such as m n n e ,  accnophthenc, 

acenaphthylene, bew(g ,  h9 i)petylene, and phenanthnne. USEPA determined RfDs for only 

two of these compoM: pyrene's RfD, of 0.03 mg/kg-day is also used as a surrogate RfD, for 

phenanthrene. The RfD, for acenaphthene is 0.06 mglkg-day. 

PCB h c l o r s  are a group of chlorinated hydrocarbons (such as hclor-1248# 1254, und 1260) 

that accumulate in fat tissue. Occupational exposure (both inhalation and dermal) to PCBs 

causes eye and lung irritation, loss of appetite, liver enlargement, increased serum liver enzyme 

coflcentrations, rashes, chloracne, and decreased birth weight of infants in heavily exposed 

worker/mothers. Of the effects listed above, the liver is the primary target organ maassen et 

al., 1986; Dreisbach, et al., 1987). USEPA classif'ied PCB Aroclors as group B2 carcinogens, 

primarily based on animal data. As listed in IRlS (search date 6/29/95), the classification is 

based on bepatocellular carcinomas in three strains of rats aad two strains of mice and 

inadequste yet suggestive evidence of excess risk of liver cancer in humans by ingestion and 

inhalation or dermal contact. Oral ingestion of PCBs causes liver and stomach tumors in rat 
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studies. USEPA set 7.7 (mgtkg-day)-1 as the SF, for PCB Aroclors, and oral RfDs have been 

set at 0.00007 W g d a y  for Amlor-1016 and 0.00002 mg/kgday for Aroclor-1254. 

B e n W e  has been identified by USEPA as a group A carcinogen. This compound can cause 

bladder irritation and is a sensitizer. As listed in IRIS (search date 6/28/95), the classification 

is based on observation of increased incidence of bladder cancer and bladder cancer-related 

deaths in exposed workers. The SF, for bemidine is 230 (mgfk%day)-1, and the RfD, is 

0.003 mgkg-day. As listed in IRIS, the critical effect of this chemical is brain cell 

vacuolization and liver cell alteration in females. The uncertainty factor was 1,000 and the 

modifying factor was 1 (Dreisbach et al., 1987). 

Arttimony belongs to the same periodic group as arsenic. This element is absorbed slowly 

through the gastrointestinal tract. Anotber target is the blood, where antimony concentrates. 

Due to frequent industrial use, the primary exposure route for antimony to the general population 

is food. Antimony is also a common air pollutant from industrial emissions (Klaassen et al., 

1986). USEPA has not classified antimony as a carcinogen, and the RfD, is 0.0004 mgAcg-day. 

As listed in IRIS (search date 6/28/95), the critical effect of this chemical is longevity, blood 

glucose, and cholesterol. The uncertainty factor was 1,000 and the modifiing factor was 1. 

Cadmium can upset the stomach, leading to vomiting and diarrhea in acute exposure; acute 

Mation of cadmium-contaiuing dust can irritate the lungs. Chronic exposure to cadmium, 

either via hbhtion or ingestion, has caused kidney damage (including kidney stones), 

emphysema, and high blood pressure. Other tissues reportedly injured by cadmium exposure 

in animala and humans inc1ude the lungs, testes, liver, immune system, b i d ,  a d  the nervous 

system (Klaassen et al., 1986). An oral RfD of 0.001 (mg/kg-day) has been determind by 

USEPA, based on human studies (food) involving chronic exposure in which significant 

increased protein was found in the urine. A separate oral RfD for water has been determined 

by USEPA to be 0.0005 rngikgday. For inhalation exposure, cadmium has been classified by 
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USEPA as a group B1, or probable human carcinogen, based on limited evidence from 

epidemiological studies in which an excess risk of lung cancer was observed in cadmium smelter 

workers. As listed in IRIS, (search date 6/28/95) the classification is based on limited evidence 

from occupational epidemiologic studies of cadmium which were consistent across investigations 

and study populations. There is sufficient evidence of carcinogenicity in rats and mice by 

inhalation and intramuscular and subcutaneous injection. Seven rat and mice studies where 

cadmium salts (acetate, sulfate, chloride) were administered orally have shown no evidence of 

carcinogenic response. There is sufficient evidence of increased risk of lung cancer in rats and 

mice exposed to cadmium via hhdation. Seven studies in which cadmium was administered 

orally to rats and mice have shown no evidence of carcinogenic response following exposure via 

this route. As listed in IRIS, the critical effect of this chemical in water is signifhmt 

protehmk. The uncertainty factor was 10 and the modifying factor was 1. 

1,2-Diclilombenune is a CLP SVUC; however, it was evaluated for the inhalation pathway as 

a volatile due to its Henry's Law Constant (a measure of its likelihood to volatilize at a given 

temperature). This compound affects ihe CNS, damages liver and kidney, and imitates mucous 

membranes, skin, and eyes (Ihisbach et aI., 1987). USEPA set the RfD, and RtDi to 0.09 and 

0.057 1 mglkg-day , respectively. 

1,3-Di.cLlombenzene is a CLP SVOC; however, it was evaluated for the inhalation pathway as 

a volatile due to its Henry's law constant. This compound likely affects the CNS based on 

structural similarities to the other analogues addressed in this risk assessment (Dreisbach et al., 

1987). 1,3-Dichlorobenzem could damage liver and kidney, and irritates mucous membranes, 

skin, and eyes. USEPA set the Rill, to 0.089 mg/kg-day . 

l,#-LMZi~robenzene is a CLP SVOC; however, it was evaluated for the inhalation pathway as 

a volatile due to its Henry's law constant. Tbis compound affects the CNS, damages liver and 

kidney, d irritates mucous membranes, skin, and eyes (Dreisbach et al., 1987). This 
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compound is classified by USEPA as a B2 carcinogen, with a SFo of 0.024 (mgfkg-day)-1. The 

RfDi was set to 0.229 mgfkg-day. As listed in IRIS (search date 6/29/95), the critical effect of 

this chemical is increased liver weights in P1 males. The uncertainty factor was 100 and the 

modifying factor was 1. The IRIS R K  is 0.8 mgim3. 

1,2,C~hbr0benzene is a CLP semivolatile organic compound; however, it was evaluated for 

the inhalation pathway as a volatile due to its Henry's Iaw constant. This compound affects the 

CNS, damages liver and kidney and irritates mucous membranes, skin, and eyes (Dreisbach et 

al,, 1987). USEPA determined the RfD, and RfD, to be 0.01 and 0.00257 mglkgday, 

respectively. 

Chlorvbenune, a VOC that affects the CNS, damages liver and kidney, and irritates mucous 

membranes, skin, and eyes (Dreisbach et al., 1987). As listed in IRIS (search date 6/28/95), 

for the D classification is based on no human data, inadequate animal data, and predominantly 

negative genetic toxicity data in bacterial, yeast, and mouse lymphoma cells. USEPA set the 

RfD, and RfDi to 0.02 and 0.00571 mg/kgday, respectively. As listed in IRIS, the critical 

effect of this chemical is histopathologic changes in liver. The uncertainty factor was 1,000 and 

the modifying factor was 1. 

Chnomium exists in two stable, natural forms: trivalent (CrIII), and hexavalent (CrVI). Acute 

exposure to chmmium can result in kidney damage following oral exposure, or damage to the 

nasal mucosa and septum following inhalation exposure. Chronic bblation exposurt to 

hexavalent chromium has resulted in kidney and respiratory tract damage, as well as excess lung 

cancer in both animals and humans following occupational exposure. Only hexavalent chromium 

is believed to be carcinogenic by inhalation (Gradient, 1991). Oral RfD values for both forms 

of chromium are 1.0 atzd 5E-3 (mgkg-day), respectively. For trivaIent chromium, the IUD is 

based on liver toxicity in the rat. For the hexavalent fonn, the RfD is based on unsptcifitd 

pathological changes observed in rat studies. In addition, hexavalent chromium is considered 
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a group A carcinogen for inhalation exposures, and an SF of 42 (mglkg-day)-1 has been 

established for the hexavalent form. Vitamin supplements contain approximately 0.025 mg of 

chromium. As listed in IRIS (search date 6/28/95), no critical effects were observed for 

chromium 0. The uncertainty factor was determined to be 100 and the mod@ing factor was 

determind to be 10. As listed in IRIS, no critical effects were observed for chromium (VI). 

The uncertainty factor is 500 and the modifying factor is 1. 

6.2.4.5 Risk C-tion 

S d a c e  Soil Exposure Pathways 

Exposure to surface soil onsite was evaluated under both residential arad industrial (site worker) 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 

were evaluated. For noncarcinogenic c o ~ t s  evaluated for future site residents, hazard 

was computed separately to address child and adult exposure. Tables 6.2.4.13 and 6.2.4.14 

present the computed carcinogenic risks andfor HQs associated with the incidental ingestion of 

site surface soil arad dermal contact with it. 

Hypothetical Site Residents 

The ingestion ILCR (based on the adult a d  child lifetime weighted average) for SWMU 17 

surface soil is 3E-4. The primary contributor is Aroclor-1260 (2.8E-4). BEQs were the only 

other contributors to the carcinogenic risk projection. The dennal pathway ILCR is 1E-4, which 

is also primarily attributable to Aroclor-1260, with BEQs contributing the rest. 

The computed HZ for the ingestion pathway is 0.007 for the adult resident and 0.07 for the child 

resident. The dermal contact pathway HI is 0.002 for the adult resident and 0.005 for the child 

scenario. Antimony and cadmium were the only contributors far each pathway. 
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Hypothetical Site Workers 

Site worker ILCRs are 3E-5 and 5E-5 for the ingestion and demul contact pathways. The HIS 

for the ingestion and dermal pathways are 0.003 and 0.001, respectively. 

Site worker risk projections ex& the most cooscrvative 1E-6 point of depPmrre assuming that 

all surface soil is accessible for contact exposure. As a r e d ,  the influences of current site 

features, such as buildings or pavement, on potential exposure were evaluated. The small 

courtyard area in which surface soil samples 017SB001 through 017SB006 were colIected is 

curtently covered by asphalt. As a result, contact with this soil would not be expected if the 

surface r e d  intact. These surface soil samples were found to be heavily hpacted, with 

Aroclor-1260 concentrations ranging from nondetect to 23,100 pgkg. 

The maximum surface soil Amlor-1260 co~lcentration (180,000 pg/kg) was detected in 

017SB020. This sample, along with 1 1 other samples with Aroclor-1260 concentrations above 

the residential RBC, was collected from an unpaved grassy area jutting into the northeast side 

of the building. The total unpaved area is approximately 0.75 acre. Although the grass cover 

reduces casual contact with underlying soil, ingestion and dermal contact pathways remain 

viable. 

The mean concentration of Aroclor-1260 in the unpaved areas slightly exceeded 10,000 pglkg, 

which is nearly identical to the overall site average of 9,200 pglkg. This analysis indicates that 

the EPC for the unpaved area would not be expected to be less than that of the overall site. An 

FIIFC factor accounting for the fraction of the site covered with asphalt would be 0.5 or less. 

The FIIFC would necessarily assume uniform worker activity pattern across the site. The 

resultant site worker surface soil pathway risk projection would be approximately 4E-5 (ingestion 

and dermal contact pathways). 
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Groundwater Pathways 

Exposure to sballow groundwater onsite was evaluated under both residential and industrial 

scenarios. For these scenarios, the ingestion and inhalation exposure pathways were evaluated 

assuming the site groundwater will be used for potable and/or domestic purposes, and that an - 

unfiitered well drawing from the affected water-beam zone will be installed. Tables 6.2.4.15 

and 6.2.4.16 present the risk and hazard for the ingestion and inhalation of COPCs in shallow 

groundwater. 

Hypothetical Site Residents -- 

The groundwater ingestion ILCR for hypothetical site residents is 2E1, and the inhalation 

pathway iLCR is 4E4. The calculated ingestion pathway risk is almost exclusively attributable 

to benzidine with 1,4dichlorobenzene as a minor contributor. The one-hit ILCR calculation was 

used for bemidine. 1,dDichlorobenzene was the sole contributor to the inhalation pathway 

ILCR. For the ingestion pathway, the HIS for the adult and child residents are 10 and 24. The 

inhalation pathway HI is 24 for the adult resident; for the child resident, 55. The primary 

contributors to the ingestion arad inhalation Ms are chlorobemene and 1,2,4-trichlorobenzene. 

Hypothetical Site Workers 

The risk posed to future site workers is 6E-2 for the ingestion pathway and 1E-4 for the 

inhalation pathway. Benzidk was the primary contributor to ingestion pathway ILCR and 

1,4-dichlorobenzene was the sole inhalation pathway contributor. The HIS for the ingestion aud 

inhalation exposure pathways of 4 and 8 and were attributable mainly to chlorobenzene and 

1,2,4-trichlor0ben~ene. 

Current Site Workers 

Shallow groundwater is not currently a potable water source for SWMU 17 or other areas of 

Zone H. In the absence of a completed exposure pathway, reported shallow groundwater 

contamination poses no threat to human health. 



Final RCRA Fm'lity Invcrtg&'on R ~ W R  for Zone H 
NAYBASE Ctrarlcston 

Secncnon 6: Barcline Risk Assessme?U 
July 5, 1996 

Bemidine, which contributes by far most of the ingestion-related shallow groundwater risk, was 

detected exclusively in 017MW005 during first-cparkr sampling. This well was installed in the 

parking lot north of the area in which rnajor soil impacts were identified. Because bemidine is 

a component of coal tars and asphalt, its presence during the initial sampling round could be 

associated with sediment entrained in the shallow groundwater during well installation. 

1,4-Dichlorobe~lzene, 1,3dichlorobenzene, 1,2dichlorobe1lzene, chlorobenzene, a d  

1,2,4-trichlorobenzene were each detected in first- and second-quarter groundwater samples from - 

well 017MW002. Chlorinated benzenes were not detected in any other well installed at 

SWMU 17. The isolated nature of shallow aquifer impacts for chlorinated benzenes suggests 

that chronic exposure at co~lcentrations near the EPC are unlikely outside the immediate vicinity 

of 017MW002. 

COCs Identified 

COCs were identified based on cumulative (all pathway) risk and hazard projected for 

SWMU 17. COCs were selected for both surface soil and shallow groundwater. USEPA has 

established a generally acceptable risk range of 1E-4 to 1E-6 and an HI threshold of 1.0 (unity). 

In Zone H HHRAs, a COC was considered to be any chemical contributing to a cumulative risk 

level of 1E-6 or greater and/or a cumulative HI above 1.0, if its individual HER exceeds 1E-6 

or its HQ exceeds 0.1. For carcinogens, this approach is relatively conservative because 

USEPA Region IV recommends a cumulative risk level of 1E-4 (and individual ILCR of 1E-6) 

as the trigger for estabhhiq COCs. The COC selection algorithm presented was used to mote 

comprehensively evaluate chemicals contributing to carcinogenic risk or noncarcinogenic hazard 

during the RGO development process. Table 6.2.4.17 presents the COCs identified at 

SWMU 17 on a medium-specific basis. A multimedii use scenario identifies COCs, as 

presented in Table 6.2.4.17. This scenario assumes exclusive use of the shallow water-be- 

zone for potable or domestic water production. 
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Hypothetical Site Residents 

PCB Aroclor-1260 arad BEQs were identified as surface soil COCs based on their contribution 

to ILCR. No hazard-based COCs were identified for the site resident scenario. BEQs were 

identified as COCs based on the combined ILCR for the ingestion and dermal contact pathways. 

Carcinogenic PAHs were identitled in less than 25% of all surface soil samples analyzed. 

Figure 6.2.4.1 illustrates calculated risk from surface soil for hypothetical site residents at 

Hypothetical Site Workers 

PCB Aroclor-1260 was identified as a COC for surface soil based on its contribution to ILCR. 

No hazard-based COCs were identifkd for the site worker scenario. Figure 6.2.4.2 illustrates 

calculated risk from surface soil for hypothetical site workers at SWMU 17. 

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 

discussion of the extent of COC concentrations, residential risk-based concentrations were 

compared to each reported concentration for each COC identified above. PCB Aroclor-1260 was 

reported above the correspow RBC (0.057 mglkg) at 19 sample locations of 33 across 

SWMU 17. The highest concentrations were reported at sample locations 017SB002,017SB006, 

and 017SBCnO. Aroclor-1260's maximum concentration was reported at location 017SBO20 

(180,000 &kg) which is not covered by asphalt. Twelve of the 19 surface soil samples 

collected in the unpaved area had Aroclor-1260 concentrations exceeding the residential RBC. 

Only two of 26 surface soil locations had BEQs commtrations exceeding the residential RBC. 

Both samples were collected in the unpaved area. 
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SlialIow Givundwater 

Hypothetical Site Residents 

The carcinogenic COCs identified in shallow -grOmdwater are benzidine and 

1,4dichlorobeazene; the COCs based on noncarcinogenic hazard are bemidine, chlorobenzene, 

I ,2dichlorobeazene, 1,3dichtorobenzene, 1,4-dichlorobenzene, and 1,2,4-trichlorobenzene. 

HypothetW Site Workers 

The carcinogenic COCs identified in shallow groundwater are benzidine and 

1,4dichlorobe1lzene; the COCs, based on their HQs, are benzidiae, chiomkazem, 

1,2dichlorobenzene, 1,3dichIorobenzene, 1,4-dichlorobenzene , and 1,2,4-trichlorobemne. 
/ 

The extent of the COCs identified in shallow groundwater is briefly discussed below. The 

chlorinated benzene COCs identified in shalIow groundwater were reported exclusively in well 

017GW002. The results for these compounds were consistent between fmt- and second-quarter 

sampling rounds. Benzidine was detected in the first-round sample from 017MW005 only. The 

absence of this cornpod in second-round samples brings into question the potential chronicity 

of exposure. Third- and fourth-quarter results will confirm whether benzidine is present in 

shallow groundwater. This review will facilitate responsible and sound risk management 

decisions. 

6.2.4.6 Risk Uncertainty 

Characterization of Exposure Setting and Identif~cation of Exposure Pathways 

The potential for high bias is introd& through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region IV when assessing potential future and f u m ~ t  exposure. The exposure assumptions 

made in the site worker scenario are highly protective and would tend to ove~st i r r te  exposwr. 

Current site workers are not exposed to site groundwater. They are hhquently exposed to 

surface soil when walking across the site, using commercial facilities, or mowing grass. Site 
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workers would not be expected to work onsite in contact with affected media for eight hours 

per day, 250 days per year as assumed in the exposure assessment. Mowing grass 52 days 

per year would reduce exposure frequency 80% relative to the default site worker assumptions. 

As a result, estimated exposure would be proportionately reduced. 

Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current base reuse plans indicate that the SWMU 17 area will become 

a mark cargo terminal and intermodal railyard. If this area was used as a residential site, the 

buildings would be demolished, and the d a c e  soil conditions would likely change. 

Consequently, exposure to current surface soil conditions would not be likely under a true future 

residential scenario. These factors indicate that exposure pathways assessed in this HHRA 

would generally overestimate the risk and hazard to current site workers and future site 

residents. 

Shallow groundwater is not amently used at SWMU 17 for potable or industrial purposes. A 

basewide system provides drhkmg and process water to buildings throughout Zone H. This 

system is to remain in operation under the current base reuse plan. As a result, shallow 

groundwater would not be expected to be used under future site use scenarios. Therefore, the 

scenario established to project risWhazard associated with shallow groundwater exposure is 

highly conservative, and associated pathways are not expected to be completed in the future. 

&tenhation of Erposun Point C o n c e ~ n s  

The maximum concentrations (over two quarterly sampling events) were used as the EPCs for 

each grwndwater COC. This EFC application is appropriate for chlorinated benzenes because 

they were consistently detected during two sampling periods. Over time, a better approximation 

of chronic exposure may be made based on an evaluation of any temporal variability in their 

concentrations. Based on the isolated occurrence of this compound group (017MW002 only), 
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the applied chlorinated benzene EPCs account only for risk associated with exposure to sballow 

groundwater in the immediately vicinity of the impacted well. 

Benzidihe was detected during first-quarter sampling only. The concentration reported (56 pg/L) 

was assumed to represent shallow groundwater quality for the entire site. This is not expected 

to be the case, and third- and fourth-quarter results should be consided in any risk management 

decisions related to this compound in groundwater. 

The 95% UCL concentrations for each soil COC were applied as the EPC. Antimony and BEQs 

were detected in less than 25% of all surface soil samples. As a result, the confidmx in the 

EPC is reduced. 

Requency of Dctecrion and Spatial LXWibution 

In surface soil, PCB h l o r - 1 2 6 0  was detected in 26 of 33 samples. The relatively high 

frequency of detection of Aroclor-1260 provides greater certainty that computed EPCs represent 

reasonable estimates. The highest concentrations of Aroclor-1260 were reported at the same 

location (017SBO20). The widespread presence of Aroclor-1260 increases co~dence in the 

projected CDI for this compound based on the UCL. 

In groundwater, all chlorinated benzene COPCs were detected in only one sample at one location 

(i.e., 017GW00201). This fact increases the uncertainty in groundwater risk and hazard 

calculated in this HHM. It is highly conservative to assume that the one well identified as a 

potential concern would be used as a potable water source in this itadustrial area, yet the 

extremely d l  hot spot drives this assessment. The influence of frequency of detection for 

gruufkdwater COCs likely leads to overestimates of risk and hazard. Moreover, a source well 

at tbe location of sample 017GW002 would deplete the chlorinated hyclrowbom; therefore, the 

hypothetical source strength would d i i h  over the assumed 3Cyear exposure period. The 

detection of benzidine in well 017GW005 during fmt quarter only indicates that it is limited in 
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areal extent at best. It has been hypothesized that the first-quarter detection represents a well 

installation artifact associated with entrainment of asphalt particles from the surrounding parking 

lot. Third- and fourthquarter analytical results should be considered before risk management 

decision-making relative to benzidirae in shallow groundwater. - 

QuanW~cation of RiskAnwd 

The uncertainty inherent in risk assessment is great. In addition, many site-specific factors have 

affected the uncertainty of this assessment that would upwardly bias the risk and hazard 

es$hates. Exposure pathway-specific sources of uncertainty are discussed below. 

soil 

Of the CPSSs eliminated from formal assessment because they do not exceed the c o r r e s p o ~  

RBCs, only chromium and silver were reported at concentrations within approximately 10% of 

their RBCs, and each of these would result in less than 0.1 HQ at their maximum reported 

concentrations. This minimizes the likelihood of potentially significant cumulative riskihazard 

based on the eliminated CPSSs. Coxlcentratiom of aluminum, arsenic, beryllium, vanadium, and 

manganese exceed their c o m s p o ~  RBCs, but none of the maximum concentrations exceeds 

the corresponding reference concentration. Because they do not contribute to excess risklhazard 

at the site, they were eliminated from formal assessment based 011 comparisons to the reference 

concentrations. 

CT was not formally assessed for SWMU 17 surface soil, but a simplified approach was taken 

to assess the potential influences of CT assumptions, nine years for residential exposure duration 

compared to the 30-year assumption for RME. The CT exposure frequency assumption is 

234 dayslyear compared to 350 dayslyear RME. If all other exposure assumptions remain fixed, 

application of the CT exposure duration and fkequency would result in risk projections 

80% below the RME. At CT, the residential Surface soil pathway-related risk (incidental 
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ingestion and dermal contact) would fall below the 1E-4 but would still be considerably higher 

than the 1E-6 point of departure. 

Although the future land use of SWMU 17 is mknown, both the worker and residential exposure 

scenarios were assessed in this HHRA. As previously discussed, it is likely that these scenarios 

would overestimate risk andlor hazard. 

Groundwafer 

Of the CPSSs eliminated from formal assessment because they do not exceed the corresponding 

RBCs, none was reported at a concentration within 10% of its RBC, reducing the Iikelihd of 

potentially significant cumuIative risk/hazard based on the eliminated CPSSs. The co~lcentration 

of manganese exceeds its RBC, but not the wrresponding reference concentration. Therefore, 

manganese was eliminated from formal assessment. 

The magnitude of isolated shallow groundwater impacts at SWMU 17 renders CT analysis moot, 

assuming the aquifer is used for potable purposes. This is true particularly in light of 

prelimhy third-quarter sampling information. The presence of free product in a localized area 

indicates that further action may be warranted. The scope arad schedule for action will depend 

on risk management decisions. 

Groundwater is not currently a potable water source onsite, nor is it used on the naval base. 

Municipal water is readily available. It is highly unlikely that the site will be developed as a 

residential area and it is unlikely that a potable-use well would be instaIled there. It is probable 

that, if residences were constructed onsite and an Wrltered well was installed, the salinity and 

dissolved solids would preclude this aquifer from being an acceptable potable water source. The 

quality of Zone H groundwater was discussed in !kction 3 of this report, and it was concluded 

that it may not be suitable for potable use. 
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6.2.4.7 Risk Summary 

The risk and hazard posed by contaminants at SWMU 17 were assessed for the hypothetical site 

worker and the hypothetical future site resident under RME assumptions. In surface soil, the 

incidental ingestion a d  dermal contact patbways were assessed in this HHRA. Ingestion and 

inhalation were evaluated for shallow groundwater based on fmt- and secondquarter 

groundwater monitoring data. Table 6.2.4.18 presents the risk summary for each 

pathwaylreceptor p u p  evaluated for SWMU 17. 

6.2.4.8 Remedial Goal Options 

Sod 

RGOs for carcinogens were based on the lifetime weighted average site resident and adult site 

worker, as presented in Tables 6.2.4.19 and 6.2.4.20 for surface soil. Calculation of hazard- 

based RGOs were based on either the hypothetical child resident or the adult site worker, as 

noted in each of the corresponding tables. 

Groundwater 

Groundwater RGOs based on site residents and site workers are listed in Tables 6.2.4.21 

and 6.2.4.22. 
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Table 63.4.7 
Exposure Pathways S-g - SWMU 17 

Naval Ease Charleston 
Charkml, South c a rob  

PoientiPUy Exposed MedhunandExposurt Pathway!MecM 
Population Pathway for Evaluation? Rerrson for Selection or Exclusion 

Curreat Land Uses 
- - - -- - - - -- 

Current Site Air, Inhalation of gaseous No No significant VOC wncumtions were 
UserslMnhtenance contaminants emanating identified at this site based oa the screening 

from soil c o ~ m  used to develop the Ikt of 
COPCs. 

Air, Inhalation of 
chemicals entrained in 
fugitive dust 

Shallow groundwater, 
Ingestion of contaminants 
during potable or general 
use 

Exposure to dust genera!ed by site users 
tnversing b e  uu would be minimized by 
paved d o r  vegetated soils. 

Shallow groundwater is not currentIy used 
as a source of potable or non-residential 
water at SWMU 17. 

Shallow groundwater, No Shallow groundwater is not currently used 
Inhalation of volatilized as a source of potable or non-residential 
shallow groundwater water at SWMU 17. 
con-& 

Soil, Incidental ingestion No (Qualified) Future iand use assessment is considered to 
be protective of c m n t  receptors. 

Soil, Dermal contact No (Qualified) Future land use assessment is considered to 
be protective of current receptors. 

Future Land Uses 

Future Site Air, Inhalation of gaseous 
Residents (Child contaminants emanating 
and Adult) and from soil 
Future Site Worker 

Air, Inhalation of 
chemicals entrained in 
fugitive dust 

Shallow groundwater, 
Iogestion of contaminants 
during potable or general 
use 

Sballow groundwater, 
Inhalation of volatilized 
con taminants during 
domestic use 

Soil, Incidental iugestion 

No 

Yes 

No No significant VOC concentrotions were 
idcntifkd at this site bitscd on the screening 
comparisons used to develop the list of 
COPcs. 

Exposure to dust generated by site users 
traversing the area would be minimited by 
paved and/or vegetated soils. 

CPSSs were greater than RBC and 
Refkrence concentrations. 

Yes 

Yes 

VOCs were identified at this site based on 
the screening comparisons used to develop 
the list of COPCs. 

Current soil conditions were assessed for 
the hypothetical residential and site worker 
scenarios. However, my future 
coastruction activities would likely include 
ckan soil being placed on top of current 
surface soils. 



Table 6.2.4.7 
Exposure Pathways Swnmary - SWMU 17 

Naval Base Charkston 
Charkston, South Carolina 

Potentially Exposed Medium and Exposun Pathway Select& 
Population Pathway for Evaluation? Reason for Selection or hclusbn 

Soil, Dermal contact Yes Current soil conditioas were assessed for 
h e  hypatbctiul residentid scemrio. 
However. my fum consauction activities 
would like& inctude clean mi1 being placed 
on top of current surfocc soils. 

Wild game or domestic No HuntingltPking of game rndlor raising 
nnimals, Ingestion of livestock is prohibited within the 
tissue impackd by mcdia Charleston, Soutb Carolina city Limits. 
contamination 

Fruits and vegetables. No The potential for signifhut exposure via 
Ingestion of plant tissues this pathway is low relative to that of other 
g r m  in med'i exposure prthways asstsstd, 
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6.2.7 Baseline Risk Assessment for GOC 653 

6.2.7.1 Site Background and Investigative Approach 

AOC 653 was investigated to assess a hydraulic lift oil storage tank which is no longer in use 

due to suspected leakage. The hydraulic storage tank is at the west end of Building 1508, one 

of four main buildings that make up the automotive hobby shop complex. Other buildings in 

the complex include 636, 1347, 1493, 1508, 1763, and several other structures. Various paints, 

solvents, thinners, and petroleum products have been used and stored onsite. The July 3 1, 1991, 

Zone Inspection Report for Zone 22 stated that the hydraulic storage tank may have leaked, and 

that spilled waste oil and petroleum hydrocarbons have impacted the site. 

Seven soil samples were collected from the surface interval (0 to 1 foot deep). Table 6.2.7.1 

shows each surface soil designation and lists of analytical methods. Samples were collected from 

two shallow monitoring wells; Tables 6.2.7.2 and 6.2.7.3 list the analytical methods for 

groundwater samples. 

6.2.7.2 C O X  Identification 

Soil 

Based on the screening comparisons described in Section 6.1.3.4 of this report and shown in 

Table 6.2.7.4, this HHRA focuses on the COPCs Aroclor-1248, BAP, and lead. Results of the 

Wilcoxon rank sum test indicate with more than 99% confidence that the lead samples as a 

group are signifcandy higher than background in surface soil at AOC 653. Due to similarities 

in chemical structure and toxicological characteristics, Aroclor-1260 was retained for f o n d  

assessment with Aroclor-12.48, which exceded its residential soil RBC. TPH was identified in 

four surface soil samples at concentrations ranging between 730 and 36,500 mglkg. These 

cotlcentrations exceed the NAVBASE AL of 100 rngkg. 
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Groundwater 

As shown in Table 6.2.7.5, no COPCs were identified in shallow groundwater relative to 

first-quarter sample data. Secondquarter results presented in Table 6.2.7.6 indicate that arsenic 

was present in one of two samples at a concentration exceeding the tap water RBC and the 

background reference concentration. Wilcoxon rank sum test results indicated that there was no 

significant difference between group sample concentrations at AOC 653 and background levels 

in shallow groundwater for any inorganic constituent. As a result, arsenic was the sole shallow 

groundwater COPC. 

6.2.7.3 Exposure Assessment 

Exposure Setting 

The exposure setting at AOC 653 is the ground around a hydraulic lift oil storage tank with a 

reported history of leakage. The AOC consists of Building 1508 and the area immediately 

adjacent. The site is in the northemmost corner of Zone H, near the Cooper River. 

The future use of the site is not definite; however, it is anticipated to remain 

commercid/industrial. AOC 653 is within an area proposed to become a marine cargo termid 

in current base reuse plans. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers. Additional potentially 

exposed populations are hypothetical future site residents. Future site resident and worker 

exposure scenarios were addressed in this risk assessment. Current site workers' exposure 

would be less than that assumed for the hypothetical future site worker scenario because of theix 

limited soil contact. Therefore, future worker assessment is considered protective of current site 

users. 
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Exposure Pathways 

Exposure pathways for the site workers are dennal contact and incidental ingestion of surface 

soil. The exposure pathways for future residential land use are the same as those for the future 

site worker. In addition, the hypothetical future site worker scenario assumed continuous 

exposure to surface soil conditions. Uniform exposure was assumed for all sample locations. 

Shallow groundwater exposure was assessed relative to ingestion through potable use. No 

inhalation pathway was analyzed because no volatile COPCs were identified in shallow 

groundwater. Table 6.2.7.7 justifies exposure pathways assessed in this HHRA. 

Exposure Point Concentration 

At AOC 653, fewer than 10 surface soil and shallow groundwater samples wee collected during 

the RFI. As a result, the maximum concentration of each COPC was used as the EPC for the 

corresponding medium. Aroclor-1248, Aroclor-1260, and BEQs were detected in only one of 

seven surface soil samples collected (653SB001-01). Samples from around 653SB001 did not 

contain any detectable concentrations of these COPCs. As a result, it was deemed appropriate 

to derive an FIIFC accounting for the limited areal extent of the surface soil con taminants. This 

factor was conservatively estimated to be 0.2 indicating that the maximum concentrations 

reported were representative of soil quality of 20% of the potential exposure area. This factor 

was used to adjust the EPC for these COPCs. Lead was detected in each surface soil sample 

and thus, no FIIFC was established for this COPC. Due to the limited dataset available for 

groundwater, the EPC was not modified. 

Quantification of Exposure 

Tables 6.2.7.8 and 6.2.7.9 present the CDIs for the ingestion and dermal soil contact pathways, 

respectively. Shallow groundwater CDIs for the ingestion pathway are provided in 

Table 6.2.7.10. 
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6.2,7,4 Toxicity Assessment 

Toxicity assessment tern and methods are discussed in Section 6.1.4 of this report. 

Table 6.2.7.1 1 provides toxicological reference information for each COPC identified in soil and 

groundwater. Presented below are toxicological briefs on each COPC. 

P o I y 4 t y ) ~  hydmcarbons include the following COPCs: 

Benu>(a)anthracene TEF 0.1 

Benzo(b)fluoranthene TEF 0.1 

Dibenz(a, h)anthracene TEF 1.0 

Benzo(k)fluoranthene TEF 0.01 

Benzo(a)pyrene TEF 1.0 

Indeno(l,2,3Cd)pyrene TEF 0.1 

Chrysene F 0.001 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well-established. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their 

carcinogenicity is addressed relative to that of BAP, having an oral SF of 7.3 (mg/kg&y)-1. 

TEFs, also set by USEPA, are multipliers that are applied to the detected concentrations, which 

are subsequently used to calculate excess cancer risk. Most carcinogenic PAHs have been 

classified as such due to animal studies using large doses of purified PAHs. There is some 

doubt as to the validity of these listings, and the SFs listed in USEPA's RBC Table are 

provisional. However, these PAWS are carcinogens when the exposure involves a mixture of 

other carcinogenic substances (e. g., coal tar, soot, cigarette smoke, etc.). As listed in IRIS, the 

BAP B2 classification is based on insufficient data specifically linking it to a carcinogenic effect. 

However, multiple animal studies in many species demonsbate BAP to be carcinogenic following 

administration by numerous routes. 
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BAP has produced positive results in numerous genotoxicity assays. At the June 1992 CRAVE 

Work Group meeting, a revised risk estimate for BAP was verified. This section provides 

information on three aspects of the carcinogenic risk assessment for the agent in question; the 

USEPA classification, and quantitative estimates of exposure. The classification reflects a 

weight-of-evidence judgement of the likelihood that the agent is a human carcinogen. The 

quantitative risk estimates are presented in application of a low-dose extrapolation procedure and 

presented as the risk per mglkg-day. The unit risk is the quantitative estimate in terms of either 

risk per pg/L drinldng water or risk per pg/m3 air breathed. The third form in which risk is 

presented is drinking water or air concentration providing cancer risks of 1 in 10,000 or 1 in 

1 million. The Carcinogenicity Background Document provides details on the carcinogenicity 

values found in IRIS. Users are referred to the Oral Reference Dose and Reference 

Concentration sections for information on long-term toxic effects other than carcinogenicity. 

As listed in IRIS, the dibenz(a,h)anwne, benzo(a)anthracene, benzo(b)fluomthene and 

benzo(k)fluoranthene B2 classification is based on no human data arad sufficient data from animal 

bioassays. Benzo(b)fluoranthene produced tumors in mice after lung implantation, 

intraperitoneal or subcutaneous injection, and skin painting. Benzu(a)anthracene produced 

tumors in mice exposed by gavage; intraperitod, subcutaneous, or intramuscular injection; and 

topical application. Benzo(a)anthracene produced mutations in bacteria and in mammalian cells, 

and transformed mammalian cells in culture. Benzo(k)fluoranthene produced tumors after lung 

implantation in mice and when administered with a promoting agent in skin-paintiig studies. 

mivocal results have been found in a lw adenoma assay in mice. Benzo(k)fluoranthene is 

mutagenic in bacteria (Klaassen et al., 1986). 

Other PAas - those not classified by USEPA as carcinogens - are toxic to the liver, kidney 

and blood. This group of PAHs includes compounds such as pyrene, ucenuphthene, 

acenuphtirykne, beno(g, h, i)pny*ne, and phenanthrene. USEPA determined RfDs for only 
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two of these compounds: pyrene's RfD, is 0.03 mgkgday is also used as a surrogate RfD, for 

phenanthrene. The IUD, for acenaphthene was determined to be 0.06 mgkg-day . 

PCB h c l o m  are a group of chlorinated hydrocarbons (such as Aroclor -1248, 1254, and 1260) 

that accumulate in fat tissue. Occupational exposure (both inhalation and dermal) to PCBs 

causes eye a d  lung irritation, loss of appetite, liver enlargement, increased serum liver enzyme 

concentrations, rashes, chloracne, d decreased birth weight of infants in heavily exposed 

worker/mothers. Of the effects listed above, the liver is the primary target organ 

(Klaassen et al., 1986; Dreisbach et al., 1987). USEPA classified PCB Amlors as group 

B2 carcinogens, primarily based on animal data. As listed in IRIS (search date 6/29/95), the 

basis for the classification is hepatocellular carcinomas in three strains of rats and two strains 

of mice and inadequate yet suggestive evidence of excess risk of liver cancer in humans by 

ingestion and inhalation or dermal contact. Oral ingestion of PCBs causes liver and stomach 

tumors in rat studies. USEPA set 7.7 (mg/kg-day)-1 as the SF, for PCB Aroclors, and the 

RfD was set to 0.00007 mgkg-day. 

h e n i c  exposure via the ingestion route darkens and hardens the skin in chronically exposed 

humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and cardiovascular 

effects (Klaassen et al., 1986). USEPA set 0.3 pgkg-day as the RfD for arsenic based on an 

NOAEL of 0.8 pgkgday in a human exposure study. Arsenic's effects on the nervous and 

cardiovascular system are primarily associated with acute exposure to higher levels. Exposure 

to arsenic-containing materials has been shown to cause cancer in humans. Inhaling these 

materials can lead to increased lung cancer risk, and ingesting these materials is associated with 

increased skin cancer rates. Arsenic has been classified as a group A carcinogen by USEPA, 

which set the 1.5 (mg/kgday)-1 SF for arsenic. As listed in IRIS (search date 91 1/95), the basis 

for the classification is mcient evidence from human data. An increased lung cancer mortality 

was observed in multiple human populations exposed primarily through inhalation. Also, 

i n c d  mortality from multiple internal organ cancers (liver, kidney, lung, and bladder) and 
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an increased incidence of skin cancer were observed in populations consuming drinking water 

high in inorganic arsenic. Hwnan milk contains about 3 ~ g f L  arsenic. The RBC for arsenic in 

tap water is 0.038 pgIL. As listed in IRIS, the critical effect of this chemical is 

hyperpigmentadon, keratosis, and possible v d a r  complications. The uncertainty factor was 

3 and the modifying factor was 1. 

Lead has been classified as a group B2 carcinogen by USEPA based on animal data. No 

RfD or SF has been set by USEPA. However, an AL for soil protective of child residents has 

been proposed by USEPA Region IV: 400 mg/kg. OSWER has recummended a 1,000 mgkg 

cleanup standard for industrial properties. USEPA'S Office of Water has established a treatment 

technique action level of 15 pg/L. As listed in IRIS (search date 10/17/95), classification is 

based on sufficient animal evidence. Ten rat bioassays and one mouse assay have shown 

statistically significant increases in renal tumors with dietary and subcutaneous exposure to 

several soluble lead salts. Animal assays provide reproducible results in severaI laboratories, 

in multiple rat strains with some evidence of multiple tumor sites. Short-term studies show that 

lead affects gene expression. Human evidence is inadequate. An RfD or SF has not been set 

because of the confounding nature of lead toxicity. Lead can accumulate in bone rnamw, and 

effects have been observed in the CNS, blood, and mental development of children. RfDs are 

based on the assumption that a threshold must be exceeded to result in toxic effects (other than 

carcinogenicity). Once lead accumulates in the body, other influaces cause the actual levels 

in the blood to fluctuate - sometimes the lead is attached to binding sites, and sometimes lead 

i s  free flowing. If an exposed individual has previously been exposed to lead, this individual 

could lose weight and set fat-bound lead free. This fluctuation and lack of previous lead 

exposure data are two of the reasons lead effects are diff~cult to predict (Klaassen et al., 1986). 

6.2.7.5 Risk Characterization 

Surface Soil Exposure Pathways 

Exposure to surface soil onsite was evaluated under both residential and industrid (site worker) 

land use scenarios. For these scenarios, the incidental ingestion and dermal contact exposure 
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pathways were considered. For noncarcinogenic chemicals evaluated for future site residents, 

HQs were computed separately to address children and adults. Tables 6.2.7.12 and 6.2.7.13 

present the computed carcinogenic risk and noncarcinogenic HQs associated with the incidental 

ingestion and dermal contact with surface soil, respectively. 

fifirre Site Residents 

The projected ingestion related ILCR Erom surface soil was 6E-7, and the dermal pathway risk 

was 3E-7. BEQs and Aroclor-1248 were the primary contributors for both pathways. No 

reference dose was .available for any surface soil COPC, and thus no HQs were computed. 

Lead Toxicity 

The lead concentration at two of four sampling locations (653SB001 and 653SB003) exceeded 

the 400 mglkg residential soil screening value. The mean lead concentration in AOC 653 soil 

was computed to be 303 mglkg, which is below 400 mg/kg, the level proven to protective of 

a residential child, assuming that the potable water source does not exceed the USEPA's 

treatment technique action level of 15 pgIL. As a result, the USEPA Lead Model would not 

be expected to predict a concern for possible child receptors based on chronic exposure to lead 

concentrations reported in AOC 653 soil. In contrast to the 400 mglkg cleanup goal based on 

child resident exposure, USEPA Region IV has calculated a soil cleanuplscreening level for lead 

of 1,300 mg/kg based on adult exposures. The most likely receptors, considering the proposed 

industrial use of the AOC 653 area, are adults rather than children. The maximum surface soil 

concentration for AOC 653 (561 mg/kg) falls below the USEPA cleanup/screening level based 

on adult exposure. 

mture Site WorJeets 

The projected ingestion related ILCR from surface soil was 758, and the dermal pathway risk 

was 1E-7. BEQs were the only contributors for both pathways. No reference dose is available 

for BAP, and thus no HQs were computed. The maximum lead concentration detected in AOC 
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653 surface soil (561 mgfkg) is less than the RCRA cleanup goal of 1,000 mg/kg recommended 

by OSWER for industrial properties. 

Because site worker risk projections did not exceed the most conservative 1E-6 point of 

departure assuming that all d a c e  soil was accessible for contact exposure, no formal 

assessment was performed considering the influences of existing site features. It should be 

noted, however, that more than 90% of the surface area at AOC 653 is paved, thus precluding 

exposure to underlying soil if existing features remain intact. 

Groundwater 

Exposure to shallow groundwater was evaluated under both residential and industrial (site 

worker) land use scenarios. For these scenarios, the incidental ingestion exposure was 

considered. For noncarcinogenic chemicals evaluated for future site residents, HQs were 

computed separately to address children and adults. Table 6.2.7.14 presents the computed 

carcinogenic risk and noncarcinogenic HQs associated with the potable use ingestion of shallow 

groundwater. 

Fufure Site Residerats 

The projected ingestion-related ILCR from shallow groundwater was 8E4. The HIS for adult 

and child residential receptors were computed to be 3 and 7, respectively. Arsenic was the sole 

contributor for the pathway in both instances. 

Fufure Site Workers 

The projected ingestion-related ILCR from shallow groundwater was 2E-4, and the site worker 

HQ was 1. Arsenic was the sole contributor in both instances. 
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Current Site Workem 

Shallow groundwater is not currently used as a potable water source for AOC 653 or other 

Zone H areas. In the absence of a completed exposure pathway shallow groundwater 

contamhation poses no threat to human health. 

COCs Identified 

Arsenic was the sole COC identified at AOC 653. USFiPA has established a generally 

acceptable risk range of 1E-4 to 1E-6, and a hazard threshold of 1.0 (unity). In this HHRA, 

a COC was considered to be any chemical contributing to a cumulative risk level of 1E-6 or 

greater a d o r  an HI above 1 .O, if its individual ILCR exceeds 1E-6 or its HQ exceeds 0.1. For 

carcinogens, this approach is comparatively conservative because a cumulative risk level of 1E4 

(and individual ILCR of 1E-6) is recommended by USEPA Region IV as the trigger for 

establishing COCs. The COC selection method presented was used to more comprehensively 

evaluate chemicals contributing to carcinogenic risk or noncarcinogenic hazard during the RGO 

development process. 

Su@xe Soil 

Hypothetical Site Residents 

The mean lead concentration (303 mgkg) was found not to exceed the USEPA ORD 400 mgfkg 

standard although the residential cleanup standard was exceeded at two sampling locations. As 

a result, lead was not considered a COC for this site. 

Hypothetical Site Workers 

No COCs were identified for this scenario based on lead's contribution to riskfhazard. 

Groundwater 

Hypothetical Site Residents 

Arsenic was the only COC identified for this scenario based on its contribution to risk/hazard. 
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Hypotheticat Site Workers 

Arsenic was the only COC identified for this scenario based on its contribution to riskhazard. 

6.2.7.6 Risk U-ty 

Characterhation of Expasure Setting and Identification of Exposure Pathways 

The potential for overestimating exposure is W u c e d  through the exposure setting and pathway 

selection due to the highly conservative assumptions (i.e., future residential use) recommended 

by USEPA Region IV when assessing potentiaI future and current exposure. The exposure 

assumptions made in the site worker scenario are highly protective and would tend to 

overestimate exposure. Current site workers are not exposed to site d a c e  soil or groundwater. 

The entire investigative area is covered by an asphalt surface. If existing features remain intact 

under the future site use, the surface soil exposwe pathway would not be completed. 

Residential use of the site would not be expected, based on current site uses and the nature of 

the sumding buildings. Current base reuse plans call for use of AOC 653 and ~ound i ing  

areas as a cargo terminal. If this area is used as a residential site, the buildings will be 

demolished, and the surface soil conditions would likely change. Consequently, exposure to 

current s u r f . .  soil conditions would not be likely under a true future residential scenario. 

These factors indicate that expo- pathways assessed in this HHRA would generally 

overestimate the risk and hazard posed to current site workers and future site residents. 

Shallow groundwater is not currently used at AOC 653 for potable or industrid purposes. A 

basewide system providing drinlung and process water to buildings throughout Zone H is to 

remain in operation under the current base reuse plan. As a result, shallow groundwater use 

would not be expected under future site use scenarios. Therefore, the scenario established to 

project risWhazard associated with shallow groundwater exposure is highly conservative, and 

associated pathways are not expected to be completed in the future. 
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Determination of Krposure Point Concerrtrafions 

Because there were fewer than 10 d a c e  soil samples, all of the EPCs used for this site are the 

maximurn concentrations reported for the respective COPCs. The surface soil EPCs were 

modified (where appropriate) to account for the reasonable FIIFC from the contaminated source. 

Risk values for shallow groundwater based on maximum concentrations are likely to be 

overestimates. 

nequency of Detechn and Spcrtial M u f i o n  

Lead was present in all four soil samples, and concentrations reported at 653SB001 and 

653813003 exceeded 400 mglkg. The average lead concentration was computed to be less than 

the USEPA residential cleanup standard, and thus the chronic EPC for future child residents 

would be expected to be less than the maximum concentration. Aroclor-1248, Aroclor-1260, 

and BAP were each detected in only one of seven soil samples (i.e., all were reported in sample 

653B001). This limited areal extent was used to derive the FI/FC factor discussed in the 

P-& paragraph- 

Elevated TPH results (730 to 36500 mgtkg) were reported in soil onsite. No groundwater 

sample contained detectable TPH concentrations, indicating that the shallow aquifer is 

sufficiently protected under current conditions with respect b soil-to-groundwater cross-media 

transport of TPH constituents. An AL of 100 mg/kg has been established for NAVBASE soil 

TPH . 

In groundwater, arsenic was the only COC identified. It was detected in one second-quarter 

sample at a concentration of 0.0345 mg/L. Based on this limited data set, it cannot be 

defmitively determined whether chronic exposure at the EPC applied is a reasonable estimate. 

Quantification of RisWHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process 

is great. In addition, many site-specific factors have affected the uncertainty andfor variability 
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in the output of this assessment that would upwardly bias the risk and hazard estimates. 

Exposure pathway-specific sources of uncertainty are discussed below. 

Soil 

Of the CPSSs screened and eliminated from formal assessment because they do not exceed the 

corresponding RBCs, none was reported at a concentration close to its corresponding RBC (i.e., 

within approximately 10%. Collcentrations of beryllium and manganese exceed their 

corresponding RBCs, but maximum coflcentrations of these elements do not exceed the 

corresponding reference concentrations. Therefore, they were eliminated from formal 

assessment based on comparisons to the reference concentrations. 

Gmundwater 

Arsenic, the sole shallow groundwater COPC, was detected at a maximum concentration of 

0.0345 mg/L in one second-quarter sample, and would not be expected to be associated with 

current and past operations. This maximum concentration is below the ARAR of 0.05 mgIL. 

It must also be noted that arsenic was not a soil COPC based on comparison to reference 

concentrations. This suggests that no source is associated with past or current site operations. 

The nature of past and current operations would not present an identifiable source of arsenic. 

In the absence of a source, it may be conchded that detected groundwater arsenic is 

representative of natural conditions. Continued monitoring should serve to confirm or refute this 

prelhhmy conclusion, facilitating sound risk management decisions. 

Of the CPSSs screened and eliminated from the fonnal assessment because they do not exceed 

the corresponding RBCs, none was reported at a concentration within 10% of its RBC, 

mhhhihg the likelihood of potentially simcant cumulative risk/hazard based on the 

eliminated CPSSs. 
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Although the future land use at this site is unknown, both the worker and residential exposure 

scenarios were assessed. As previously discussed, these scenarios would likely lead to 

overestimates of risk and/or hazard. An individual site map was not produced for this site. 

The CT assumption for residential exposure duration is nine years compared to the 30-year 

assumption for RME. If all other exposure assumptions remain fuced, application of the CT 

exposure duration would result in risk projections 66% below the RME presented in 

Table 6.2.7.14. At CT, the shallow groundwater related risk (incidental ingestion) would be 

approximately 3E-4, which still exceeds the USEPA and SCDHEX point of departure. 

6.2.7.7 Risk S m  

The risk and hazard posed by contaminants at AOC 653 were assessed for the hypothetical RME 

site worker and the hypothetical future site resident. In surface soil, the incidental ingestion and 

dermal contact pathways were assessed. Ingestion was the sole pathway evaluated relative to 

shallow groundwater. Table 6.2.7.15 s e s  risk for each pathway /receptor group 

evaluated for AOC 653. 

6.2.7.8 Remedial Goal Options 

Soil 

No surface soil COCs were identified at AOC 653. Therefore, no RGOs were computed. 

Groundwater 

RGOs for the shallow aquifer were calculated for both future residential and site workers, as 

provided in Tables 6.2.7.16 and 6.2.7.17, respectively. Arsenic was the sole COC for which 

RGOs were calculated; the maximum reported concentration is below the ARAR MCL 

(0.05 rng/L). 
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Table 63.7.7 
Exposure Pathways Summary - AOC 653 

Naval Base Charleston 
Charleston, South C a r o b  

Potentially Exposed Medium and Exposure Pathway Selected 
Populatim Pathway for EvPhmtion? Renson for Selection or Exclusion 

Soil, Incidental ingestion Yes Current soil conditions were assessed for 
the hypothetical residential and site worker 
scenarios. However, any future 
construction activities would likely include 
clean soil being placed on top of current 
surface soils. 

Soil, Dermal contact Yes Current soil conditions were assessed for 
the hypothetical residential scenario. 
However. any future wnstmction activities 
would likely include clean soil being placed 
on top of current surface soils. 

Wild game or domestic No Huntingltaking of game &or raising 
aaimals, Ingestion of Livestock is prohibited within the 
tissue impacted by media Charleston, South Carolina city limits. 
conlamhation 

Fruits and vegetables, No The pottntiai for significant exposure via 
Ingestion of plant tissues this pathway is low relative to that of other 
grown m media exposure pathways assessed. 
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6.2.8 Baseline Risk Assessment for AOC 655 

6.2.8.1 Site Background and Investigative Approach 

AOC 655 was investigated to assess soil and groundwater that were potentially affected by a 

1985 fuel oil spill from Building 656, the Base Exchange. Soil and groundwater sampling 

focused on an area immediately behind the building. A soil-gas investigation conducted near 

Building 656 identified a relatively high response for acetone near the reported spill. Air 

sampling was conducted inside the building and through cracks in the building floor concurrent 

with the soil-gas survey. The FFI report, produced in conjunction with this report, summarizes 

the sampling results and provides a risk assessment for the inhalation exposure pathway. 

Because Building 656 is within the boundaries of AOC 655, FFI findings specific to 

Building 656 are summarized in the following subsections. 

In all, 14 samples were collected from surface interval (0 to 1 foot deep). Table 6.2.8.1 shows 

each surface soil designation and the list of analytical methods used for each. Samples were 

collected from three shallow monitoring wells during two quarterly monitoring events. 

Tables 6.2.8.2 and 6.2.8.3 list the methods used to analyze the corresponding groundwater 

samples. 

6.2.8.2 COPC Identification 

Soil 

Based on the screening comparisons described earlier, this HHRA focused on the following soil 

COPCs: Aroclor-1254, Aroclor-1260, BEQs, and dieldrin. Results of the Wilcoxon rank sum 

test indicate that no inorganic chemical population significantly differs from that of background 

sampling locations. TPH was identified in four of seven surface soil samples analyzed at 

concentrations ranging between 75 and 150 mglkg. The maximum reported concentration 

exceeds the NAVBASE soil AL of 100 mglkg. Indeterminate lubricating oils were also detected 
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in all five samples analyzed at concentrations ranging from 12.5 to 35 mglkg. The sum of TPH 

and oil concentrations at each location may indicate whether the NAVBASE TPH AL has been 

exceeded. 

Groundwater 

As shown in Table 6.2.8.5, COPCs identified in first-quarter shallow groundwater samples for 

AOC 655 are chlordane and arsenic. Second-quarter samples also contained chlordane and 

arsenic although chlordane was not detected in excess of its tap water RBC (Table 6.2.8.6). 

Wilcoxon rank sum test results indicate that arsenic concentrations were higher than background, 

but at a significance level of 0.051 rather than the specified level of 0.05. The test used only 

three site samples rather than the recommended four to compare to background samples, thereby 

making it more difficult to achieve the required significance level. 

Air 

The FFI report summarizes the sampling results and provides a risk assessment for the inhalation 

exposure pathway. As shown in Table 25 of the report, three COPCs were identified for the 

air pathway at Building 656: benzene, chloromethane, and methylene chloride. 

6.2.8.3 Exposure Assessment 

Exposure Setting 

AOC 655 is the area behind and around Building 656, the Base Exchange. Approximately 

300 gallons of No. 2 fuel oil spilled from a ruptured fuel line within Building 656 in 1985. 

Approximately 150 of the 300 gallons of fuel oil migrated through a seam in the floor of the 

building to the soil. The fuel oil is supplied by a nearby 5,800-gallon UST. Building 656 is 

used as a retail facility for the installation. Current base reuse plans call for developing this area 

as a maritime industrial park. 
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Potentially Exposed Populations 

Potentially exposed populations are current and future site workers. Additional potentially 

exposed populations are hypothetical future site residents. Future site resident and worker 

exposure scenarios were addressed in this risk assessment. The hypothetical future site worker 

scenario assumed continuous exposure to surface soil conditions and the use of shallow 

groundwater as a potable water source. Current site workers' exposure would be less than that 

assumed for the hypothetical future site worker scenario because of their limited soil contact and 

the fact that groundwater is not currently used onsite. Therefore, future worker assessment is 

considered protective of current site users. 

Exposure Pathways 

Exposure pathways for the site workers are dermal contact and incidental ingestion of surface 

soil. The exposure pathways for future residential land use are the same as those for the future 

site worker. In addition, the hypothetical fume site worker scenario assumed continuous 

exposure to surface soil and groundwater conditions. Uniform exposure was assumed for all 

sample locations. Table 6.2.8.7 justifies exposure pathways assessed in this HHRA. The 

inhalation pathway was investigated as part of the FFI, which includes a risk assessment for the 

inhalation exposure pathway for current area building workers and future users. 

Exposure Point Concentrations 

Fewer than 10 shallow groundwater samples were collected during the RFI. As a result, the 

maximum concentration of each COPC was used as the EPC for the medium. ,At least 10 

surface soil samples were collected at AOC 655. Fourteen surface soil samples were analyzed 

for pesticides and PCBs. Table 6.2.8.8 presents the statistical p o a l y ~ s  performed to compute 

95 % UCL mean concentrations for each soil C O X .  
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Quantification of Exposure 

soil 

CDIs for hgestion of and dermal contact with soil are shown in Tables 6.2.8.9 and 6.2.8.10, 

respectively. 

Groundwater 

Shallow groundwater CDIs for the ingestion pathway are presented in Table 6.2.8.1 1. 

6.2.8.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 6.1.4 of this report. 

Table 6.2.8.12 provides toxicological reference infomation for each COPC identified in soil and 

groundwater. Presented below are toxicological profiles on each surface soil and shallow 

groundwater COPC. Air pathway COPC toxicological briefs and reference information are 

provided in Section 5 of the FFI report. 

P o l y m d  hyhcarbons include the following COPCs: 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Dibenz(a, h)anthracene 

Benzo(k) fluoranthene 

Benzo(a)p yrene 

Indeno(l,2,3-cd)pyrene 

Chrysene 

TEF 0.1 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

TEF 0.001 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well-established. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their 
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carcinogenicity is addressed relative to that of BAP, having an oral SF of 7.3 (mglkg-day)-1. 

TEFs, also set by USEPA, are multipliers that are applied to the detected concentrations, which 

are subsequently used to calculate excess cancer risk. Most carcinogenic PAHs have been 

classified as such due to animal studies using large doses of purified PAHs. There is some 

doubt as to the validity of these listings, and the SFs listed in USEPA's R8C Table are 

provisional. However, these PAHs are carcinogens when the exposure involves a mixture of 

other carcinogenic substances (e.g., coal tar, soots, cigarette smoke, etc.). As listed in IRIS 

(search date 6/28/95), the BAP B2 classification is based on insufficient human data specifically 

linking it to a carcinogenic effect. However, multiple animal studies in many species 

demonstrate BAP to be carcinogenic following administration by numerous routes. 

BAP has produced positive results in numerous genotoxicity assays. At the June 1992 CRAVE 

Work Group meeting, a revised risk estimate for BAP was verified. This section provides 

information on three aspects of the carcinogenic risk assessment for the agent in question; the 

'USEPA classification, and quantitative estimates of exposure. The classification reflects a 

weight-ofevidence of the likelihood that the agent is a human carcinogen. The quantitative risk 

estimates are presented in application of a lowdose extrapolation procedure and presented as the 

risk per mgtkg-day. The unit risk is the quantitative estimate in terms of either risk per pg/L 

d m k q  water or risk per pglm3 air breathed. The third form in which risk is presented is 

drhkmg water or air concentration providing cancer risks of 1 in 10,000 or 1 in I million. The 

Carcinogenicity Background Document provides details on the carcinogenicity values in IRIS. 

Users are referred to the Oral Reference Dose and Reference Concentration sections for 

information on long-tern toxic effects other than carcinogenicity. 

As listed in IRIS, the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 classification is based 

on no human data and sufficient data from animal bioassays. Bem(b)fluoranthene produd  

tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, md skin 

painting. &nzo(a)anthracene pmduccd Wars in mice exposed by gavage; intraperitoneal, 
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subcutaneous, or in t rammar injection; and topical application. Benzo(a)anthracene produced 

mutations in bacteria and in mammalian cells, and transformed mammalian cells in culture. 

BenzoOfluorauthene produced tumors after lung implantation in mice and when administered 

with a promoting agent in skin-painting studies. Equivocal results have been found in a lung 

adenoma assay in mice. Benzo(k)fluoranthene is mutagenic in bacteria (IUaassen et al., 1986). 

Other PAas - those not classified by USEPA as carcinogens - are toxic to the liver, kidney 

and blood. This group of PAHs includes compounds such as pyrene, ucerurphthene, 

acenaphthylene, benzo(g, h, ilperylene, and phenanthrene. USEPA determined RfDs for only 

two of these compounds: pyrene's RfD, is 0.03 mg/kg-day, and this R£D is also used as a 

surrogate RiD, for phenanthrene. The IUD,, for acenaphthene was determined to be 

0.06 mg / kg-day . 

PCB Amclots are a of chlorinated hydrocarbons (such as Arocbr-1248, 1254, and 1260) that 

accumulate in fat tissue. Occupational exposure (both inhalation and dermal) to PCBs causes 

eye and lung irritation, loss of appetite, liver enlargement, increased serum liver enzyme levels, 

rashes, and chloracne, and decreased birth weight of infants in heavily exposed workerfmothers. 

Of the effects listed above, the liver is the primary target organ (Klaassen et al., 1986; 

Dreisbach et al., 1987). USEPA classified PCB Aroc1ors as group B2 carcinogens, primarily 

based on animal data. As listed in IRIS (search date 6/29/95), the classification is based on 

hepatocellular carcinomas in three strains of rats and two strains of mice and inadequate yet 

suggestive evidence of excess risk of liver cancer in humans by ingestion and inhalation or 

dermal contact. Oral ingestion of PCBs causes liver and stomach tumors in rat studies. USEPA 

set 7.7 (mg/kg-day)-' as the SF, for PCB Aroclors, and the RfD was set to 0.00007 mglkg-day. 

Chlordane is a polycyclic chlorinated pesticide. Acute exposure to high doses of chlordane 

causes tremors and convulsions. Chronic exposure can cause emotional and nemmuscular 
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disturbaaces. Exposed individuals revert to normal approximately one week after the source is 

removed (Dreisbach et al., 1987). USEPA has established an oral IUD of 6E-5 mg/kg&y and 

an oral SF of 1.3 (rngikg-day)-l. 

DieIddn is a plycyclic chlorinated pesticide. Short-term exposure to high does causes tremors 

and convulsions. Chronic exposure can cause emotional and neuromwular disturbances. 

Exposed individuals revert to normal approximately one week after the dieldrin source is 

removed Dreisbach et al., 1987). As listed in lRIS (search date 6/28/95), the B2 classification 

is based on a study using seven strains of mice in which dieldrin was administered orally. 

Dieldrin is structuraIly related to compounds (aldrin, chlordane, heptachlor, heptachlor epoxide, 

and chlorendic acid) which produce tumors in rodents. Dieldrin is classified as a B2 carcinogen 

by USEPA; the SF,, SF,, and RfD, were set to 16 (mgikg-day)-1, 16.1 (mg/kgday)-1, and 

0.00005 mgkg-day, respectively. As listed in IRIS (search date 6/28/95), the critical effect of 

this chemical is liver lesions. The uncertainty factor was 100 and the modifying factor was 1. 

Arsenic exposure via the ingestion route darkens and hardens the skin in chronically exposed 

humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and cardiovascular 

effects (Klaassen et al, 1986). USEPA set 0.3 hg/kg-day as the RfTl for arsenic based on an 

NOAEL of 0.8 pg/kg-day in a human exposure study. Arsenic's effects on the nervous and 

cardiovascular systems are primarily associated with acute exposure to higher concentrations. 

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhaling 

these materials can lead to increased l w  cancer risk, and ingesting these materials is associated 

with increased skin cancer rates. Arsenic has been classified as a group A carcinogen by 

IJSEPA, which set the 1.5 (mg1kgday)-1 SF for arsenic. As listed in IRlS (search date 91 1 /95), 

the classification is based on sufficient evidence &om human data. An increased lung cancer 

mortality was observed in multiple human populations exposed primarily tbmugh inhalation. 

Also, hrrased mortality from multiple intend organ cancers (liver, kidney, lung, and bladder) 

and an increased incidence of skin c n w r  were observed in populations consuming drinking 
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water high in inorganic arsenic. Human milk contains about 3 pg/L arsenic. The RBC for 

arsenic in tap water is 0.038 pglL. As listed in IRIS, the critical effect of this chemical is 

hyperpigmentation, keratosis, and possible vascular complications. The uncertainty factor was 

3 and the modifying factor was 1. 

6.2.8.5 Risk Characterization 

Surface Soil Exposure Pathways 

Exposure to surface soil onsite was evaluated under both residential and industrial (site worker) 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 

were evaluated. For noncarcinogenic contamhants evaluated for future site residents, hazard 

was computed separately to address child and adult exposure. Tables 6.2.8.13 and 6.2.8.14 

present the computed carcinogenic risks W o r  HQs associated with the incidental ingestion of 

and dermal contact with' site surface soil, resjxctively. 

Hypothetical Site Residents 

The ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 655 

d a c e  soil is 2E-5. The dermal pathway ILCR is 9E-6. BEQs were the primary contributors 

with Aroclor-1254 and 1260, and dieldrin contributing the remainder. 

For the soil ingestion pathway, the computed HI for the adult resident is 0.007; for the child 

resident, the HI is 0.07. The primary contributor is PCB Aroclor- 1254. 

The dermal contact pathway HI are 0.006 and 0.02 for the adult resident and the child resident, 

respectively. 

Hypothetical Site Workem 

Site worker ILCRs are 2E-6 and 4E-6 for the ingestion and dermal contact pathways, 

respectively. BEQs were the only COPCs which contribute more than 1E6 to the sum ILCR 
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for both scenarios. HI for the ingestion and dermal hypothetical pathways were both projected 

to be less than 0.1 for the hypothetical site worker scenario. 

Existing site features would not have a significant influence on potential exposure to affected 

d a c e  soil. Most samples were collected in grassy areas near the west side building entrance, 

north and east building foundations, and the loading dock on the southern end of the building. 

Groundwater 

Exposure to shallow groundwater was evaluated under both residential and industrial (site 

worker) land use scenarios. For these scenarios, the incidental ingestion exposure was 

considered. For noncarcinogenic chemicals evaluated for future site residents, HQs were 

computed separately to address children aed adults. Table 6.2.8.15 presenl the computed 

carcinogenic risk and noncarcinogenic HQs associated with the potable use ingestion of shallow 

groundwater. 

Future Sife Residents 

The projected ingestion-related ILCR from shallow groundwater was 1E-3. The HIS for adult 

and child residential receptors were computed to be 4 and 9, respectively. Arsenic was the 

primary contributor for the pathway in both instances. 

FurUre Site Workers 

The projected ingestion-related ILCR from shallow groundwater was 2E-4, and the site worker 

HI was I. Arsenic was the primary contributor for the pathway in both instances. 

Current Site Workers 

Shallow groundwater is not currently used as a potable water source for AOC 655 or other amas 

of Zone H. In the absence of a completed exposure pathway, no theat to human h d t h  is posed 

by reported shallow groundwater contamination. 
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Air Pathway (Refer to FFI Report) 

Risk was calculated for the inhalation pathway for various hypothetical scenarios. Estimates of 

ILCR and HIS are shown in Section 5, Table 43, of the FFI. Although the function of Building 

656 is proposed to remain unchanged m the base reuse plans, the ILCR was calculated assuming 

the future use of Builcbq 656 would be a day care center (possible proposed use). As shown 

in the FFI (Table 43), the ILCR for the hypothetical child scenario was estimated to be 8E-7, 

and the ILCR for the hypothetical site resident was estimated to be 6E-6, which were based on 

exposure assumptions differ from those used for this HHRA. The primary contributors to the 

ILCRs were benzene and methylene chloride. However, cumulative E R  of 1E-4 was the risk 

threshold used to iden* COCs in the FFI. Therefore, as stated in Section 5.5.4.4 of the FFI, 

no COCs were identified for the inhalation exposure pathway at Building 656. 

COCs IdenW~ed 

COCs were identified based on cumulative (all pathway) risk and hazard projected for this site, 

as shown in Table 6.2.8.16. USEPA has established a generally acceptable risk range of 1 E-4 

to 1E-6, and a HI threshold of 1 .O (unity). In Zone H HHRAs, a COC was considered to be 

any chemical contributing to a cumulative risk level of 1E-6 or greater andfor a cumulative HI 

above 1.0, if its individual ILCR exceeds 1Ed or its HQ exceeds 0.1, For carcinogens, this 

approach is relatively conservative, because USEPA Region IV recommends a cumulative risk 

level of 1E-4 (and individual ILCR of 1E-6) as the trigger for establishing COCs, The COC 

selection method presented was used to provide a more comprehensive evaluation of chemicals 

contributing to carcinogenic risk or noncarcinogenic hazard during the RGO development 

process. 

Su@ace Soil 

Hypothetical Site Residents @mre land use)Aroclor-1254 and -1260, BEQs, and dieldrin were 

identified as COCs for surface soil based on their contribution to ILCR. No hazard-based COCs 

were identified for the site resident scenario. 
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assumptions made in the site worker scenario are higbly protective and would tend to 

overestimate exposure. Current site workers are not exposed to site groundwater. They are 

infrequently exposed to surface soil when wakmg across the site, using commercial facilities 

or mowing grass. Site workers would not be expected to work onsite in contact with affected 

media for eight hours per day, 250 days per year as assumed in the exposure assessment. 

Mowing grass 52 days per year would result in one-fifth the projected risklhazard for site 

workers. The thick vegetative cover in most areas sampled prevent most direct contact and thus 

Residential use of the site would not be expected, based on current site uses and the nature of 

mounding buildings. Current reuse plans call for continwd comme~~:ial/industrial use of 

Zone H as a maritime industrial park. If this area were to be used as a residential site, the 

buildings would be demolished, and the surface soil conditions would likely change. 

Consequently, exposure to current surface soil conditions would not be likely under a m e  future 

residential scenario. These factors indicate that exposure pathways assessed in this HHRG 

would generally overestimate the risk and hazard posed to current site workers and future site 

residents. 

Shallow groundwater is not currently used at AOC 655 for potable or industrial purposes. A 

basewide system providing drhkmg and process water to buildings throughout Zone H is to 

remain in operation under the current base reuse plan. As a result, shalIow groundwater use 

would not be expected used under future site use scenarios. Therefore, the scenario established 

to project riskihazard associated with shallow groundwater exposure is highly conservative, a d  

associated pathways are not expected to be completed in the future. 

Dete-n of Exposure Point Concenh.ations 

Tk UCLs of the reported surface soil concentrations were used as the EPCs for this site. 

Because fewer tban 10 groundwater samples were used to assess this AOC, the maximum 
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concentrations reported in groundwater were used to calculate riskihazard for chlordane and 

arsenic. 

Rvquency of Detection and Spatial M u t i o n  

No factors were derived t;o account for the potential FIIFC from the contaminated source for any 

COPC. Both BEQs and dieldrin were detected mftequently in surface soil. Dieldrin was found, 

however, at multiple locations preventing derivation of a valid FWFC factor. BEQs were 

detected above the residential RGO in only one sample (SGCSB901). This sample location was 

not originally intended for inclusion with the AOC 655 dataset. Based on the suspected source 

of BEQs (loading dock-related exhaust and oil leakage), impacts would not be suspected to be 

widespread; however, limited sampling conducted in the immediate vicinity did not support 

derivation of an FUFC. A prelhhary evaluation based on available data indicates an FIIFC 

of 0.1 would provide a conservative estimate of chronic exposure. 

Slightly elevated TPH (75 to 120 mgtkg) and indeterminate lubricating oil (12.5 to 35 mglkg) 

results were reported in soil onsite. No groundwater sample contained detectable concentrations 

of TPH, indicating that the shallow aquifer is sufficiently protected under current conditions with 

respect to soil-to-groundwater cross-media transport of TPH constituents. An AL, of 100 mglkg 

has been established for NAVBASE soil TPH. 

In groundwater, chlordane and arsenic were the only COCs identifled. Both were in at least one 

shallow monitoring well during fmt- and s e c o n d w r  sampling events. Based on this dataset, 

confidence is moderate to high that the EPC applied is a reasonable estimate of maximum. No 

significant soil source of arsenic was identified. 

Quantification of Risk/Wazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process 

is great. In addition, many site-specific factors have affected the uncertainty of this assessment 



Final RCRA Faciliv Inycstigahahon Report for Zone H 
N A W E  Charlaton 

Section 6: Baseline Risk A s s c s s ? ~ ~  
July 5,1996 

that would upwardly bias the risk and h d  estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 

To quantify the potential variability of project risklbamd for soil and groundwater pathways, 

CT was analyzed. Expoflue assumptions were modifred to reflect 50th percentile rather the 

95th, and EPCs were maintained. In accordance with Srrpe@miJs Stundhrd Default &posure 

Factors for the Central Tendency and Reosonuble M a i m  Exposure-Dmft (USEPA, 1993), 

the exposure duration of site residents was reduced from 30 years to nine years (two years for 

childhood exposure and seven years for adult exposue). Residential exposure frequency was 

red& from 350 to 234 dayslyear, and occupational exposure Erequency was amended from 250 

to 219 dayslyear. The drinking water ingestion rate for an adult was reduced from 2 to 1.4 

liters/day, and exposure to site groundwater was redud by 25% to account for other water 

sources. Soil ingestion rates for resident adults and children were reduced by 50% to 50 and 

100 mg/&y, respectively. Dermal surface area estimates remained static in the CT analyses. 

soil 

Of the CPSSs screened and el&ted from formal assessment because they do not exceed the 

corresponding RBCs, none was reported at a concentration close to its corresponding RBC 

(i.e., within approximately 10% of the RBC). This minimizes the IikeIihood of potentially 

significant cumulative riskhazard with respect to the eliminated CPSSs. Concentrations of 

aluminum, arsenic, beryllium, and manganese exceed their corresponding RBCs, but maximum 

concentrations of these elements do not exceed the correspo* reference concentrations. 

They were e l b t e d  from formal assessment based on comparisons to the reference 

concentrations because they do not contribute to excess riskhazard onsite. 

Although the future land use! at this site is unknown, both the worker and residential exposwe 

scenarios were assessed in this HHRA. As previously discussed, these scenarios would likely 

overestimate risk andfor hazard. 
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Tables 6.2.8.17 and 6.2.8.18 provide CT-based CDI estimates for the incidental ingestion and 

dermal contact soil pathways, respectively. Tables 6.2.8.19 and 6.2.8.20 present CT-based 

rislchuard estimates for the incidental ingestion and dermal contact soil pathways, respectively. 

The combined soil pathway risk for future resident was calculated to be 4E-6 compared to the 

RME-based estimate of 3E-5. BEQs are the only COCs for soil pathways under the future 

resident exposure scenario. For mnt/future site workers, the combined soil pathway risk was 

estimated at 1E-6 compared to 6E-6 under RME conditions. No individual COPC was found 

to pose a risk in excess of 1E-6. 

Groundwater 

Of the CPSSs screened and eliminated from formal assessment, barium was reported at 

concentrations approach.  its corresponding RBC. The screening value for barium is based on 

an RQ goal of 0.1, a d  its influence would not be expected to increase the calculated sum HI 

for the groundwater pathway. This analysis minimizes the likelihood of potentially significant 

cumulative risWhazard with respect to the elhhated CPSSs. The maximum concentration 

reported for manganese exceeded the corresponding RBC, but this essential element did not 

exceed the corresponding reference concentration. Therefore, manganese was eliminated from 

formal assessment based on comparison to the corresponding reference concentration. As 

reported in Section 6.2.8.2, results of the Wilcoxon rank sum test indicate that arsenic 

concentrations in shallow groundwater are not significantly higher than background at AOC 655, 

but oaly because the significance level of the test was 0.051 rather than the specified 0.05. The 

Wilcoxon test was applied although there were only three site samples to compare to background 

rather than the recommended four. Therefore, arsenic was retained as a COPC and formally 

assessed. 

Chlordane and arsenic were the only COPCs identified for shallow groundwater at AOC 655. 

Neither groundwater COPC would be associated with fuel oil. Therefore, the presence of these 

chemicals does not appear to be linked to the 1985 spill. Arsenic, the primary shallow 

groundwater COC, was detected at a maximum concentration of 0.0423 mg/L in first-quarter 
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samples. This maximum concentration is below the ARAR of 0.05 mg/L. Additionally, the hit 

used to develop the shallow groundwater EPC for arsenic was the sole detection in excess of 

reference concentrations. It must also be noted that arsenic was not a soil COPC based on 

comparison to reference concentrations. This suggests no source associated with past or current 

site operations. The nature of past and current operations would not present an identifiable 

source of arsenic. In the absence of a source, it may be concluded that detected groundwater 

arsenic is representative of natural conditions. Continued monitoring should serve to confirm 

this preliminary conclusion, facilitating risk management decisions. 

Groundwater is not currently a potable water source at AOC 655, nor is it used on the naval 

base or in the surrounding area. Municipal water is readily available. As previously mentioned, 

it is highly unlikely that the site will be developed as a residential area, and it is unlikely that 

a potable-use well would be installed onsite. It is also probable that, if residences were 

constructed onsite and an unfiltered well was installed, the salinity and dissolved solids would 

preclude this aquifer from being an acceptable potable water source. The quality of Zone H 

groundwater was discussed in Section 3 of this report, and the conclusion was reached that the 

groundwater is not suitable for potable use based on the water quality data in Section 3.2.10, 

Table 3.4. The mnpotability d e t e d t i o n  was made independent of site-related influences. 

Table 6.2.8.21 provides CT-based CDI estimates for the shallow groundwater ingestion pathway. 

Table 6.2.8.22 presents CT-based risklhazard estimates for the ingestion pathway. The shallow 

groundwater pathway risk for future resident was calculated to be 1E-4 compared to the 

RME-based estimate of 1E-3. Arsenic is the sole significant contributor to this estimate. For 

cumnt/future site workers, the shallow groundwater pathway risk was estimated at 4E-5 

compared to 2E-4 under RME conditions. Arsenic was the only COC identified based on ILCR. 
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Air (Refer to FFI Report) 

As stated in Section 5.5.4.4 of the FFI, no COCs were identified for this scenario based on the 

sum ILCR and HI for Building 656. As previously discussed, the ILCR threshold used in the 

FFI to identify COCs for the air exposure pathway was 1E4. In addition, exposure assumptions 

used in the PFI differ from those used to quanbfy exposure in this HHRA. Uncertainty for the 

air pathway is discussed in Section 5.6 of the FFI. Based on application of CT exposure 

assumptions for exposure duration and frequency, the projected risk associated with each 

carcinogenic air pathway contaminant identifed in milding 656 was reduced by a factor of 5.  

6.2.8.7 Risk Summary 

The risk and hazard posed by contaminants at AOC 655 were assessed for the hypothetical RME 

site worker and the hypothetical future site resident scenarios. In surface soil, the incidental 

ingestion and dermal contact pathways were assessed. The Final FFI Report summarizes the 

sampling results and assesses the risk for the inhalation exposure pathway. Table 6.2.8.23 

presents the risk/hazard summary for AOC 655. 

6.2.8.8 Remedial Goal Options 

Soil 

RGOs for the hypothetical site residential scenario were calculated for Aroclor-1254 and 1260, 

BEQs and dieldrin as shown in Table 6.2.8.24. Worker-based RGOs for BAP, the only 

industrial scenario soil COC, are provided in Table 6.2.8.25. Inclusion in an RGO table does 

not necessarily indicate that remedial action is warranted. RGOs are options to be considered 

when making risk management decisions which, in accordance with RAGS, are not to be 

included in HHRAs. 

Groundwater 

RGOs for the shallow aquifer were calculated for both future residential and site workers, as 

provided in Tables 6.2.8.26 a d  6.2.8.27, respectively. Arsenic and chlordane were the only 
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Table 63.8.7 
Eqmure Pathways Summary - AOC 655 

Naval Base Charkston 
Charleston, South C a r o h  

Patentially w e d  Medium and Expasure Pathway !Selected 
Population Pathway for Evduntion? Reason for Sclsetion or Exclusion 

Soil, Incidental ingestion Yes Current soil conditions were assessed for 
the hypothem residential and site worker 
mniuios. However, my future 
construction pctivities would liltely include 
clean soil being placed on top of current 
surface soils. 

Soil, Dermal contact 

Wild game or domestic 
animal.p, Ingestion of 
tissue impacted by media 
contamination 

Fruits and vegetables, 
Ingestion of plant tissues 
grown in media 

Yes Current soil conditions were assessed for 
the hypothetical residcntiol scenario. 
However, my future construction activities 
would likely include clam soil being placed 
on rap of currtnt surface soils. 

Huntingitakii of game Wor raismg 
livestock is prohibited within the 
Charleston, South Carolina City Limits. 

The potential for significant exposure via 
this pafhway is low relative to that of other 
exposure pathways assessed. 
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Hypothetical Site Wonkers (current land use) 

The cumulative ILCR (ingestion and dermal contact) was determined to be 1E-6 or greater for 

Aroclor-1260 and BEQs. Therefore, these compounds were ideMed as COCs for surface soil 

based on their contribution to ILCR. No hazard-based COCs were idenmed.for the site worker 

scenario. 

The extent of the COCs identified in surface soil is briefly discussed below. To facilitate this 

discussion of the extent of COC concentrations, residential RGOs were compared to each 

reported concentration for each COC identified above. RGOs used for this comparison were 

calculated based on an E R  of 1E-6 andfor an HQ of 1.0 (where applicable). Aroclors were 

detected in all but three of 14 samples with 10 samples having concentrations greater than the 

residentid RGO. The widespread nature of Aroclor impacl suggests some type of past general 

application. Dieldrin was detected sporadically in surface soil with the maximum concentration 

reported in sample 655SB007, which was collected northwest of Building 656. This sample did 

not contain any other COPC, indicating that the presence of dieldrin may not be associated with 

the same source as Aroclors or other COCs. The only BEQ concentration in excess of the 

residential RBC was reported in a sample collected immediately adjacent to the south loading 

dock (SGCSB901). It is likely that the cPAH co~lcentrations reported at this location are 

associated with vehicle exhaust and oil leakage during loading operations. 

GmunmVater 

Hypothetical Site Residents land use) 

The carcinogenic COCs identified in shallow groundwater were arsenic and gamma-chlordane 

based on their contribution to risk/bazard. 

Hypothetical Site Workers (current land use) 

The sole carcinogenic COC identified in shallow groundwater was arsenic based on its 

contribution to risk/hazard. 
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The extent of the COCs identified in shallow groundwater is briefly discussed below. To 

facilitate this brief discussion of the extent of COC concentrations, residential RGOs were 

compared to each reported concentration for each COC identified above. RGOs are described 

in Section 6.2.8.8 of this IMRA. RGOs used for this comparison were calculated based on an 

M3R of 1Ec6 and/or an HQ of 1.0 (where applicable). Consistent detection of chlordane and 

arsenic in groundwater increases confidence that project riskhazard is based on a reasonable 

approximation of maximum exposure. It should be noted, however, that soil arsenic 

concentrations at AOC 655 do not differ appreciably from reference concentrations. This 

indicates no soil source for arsenic. In the absence of a source, no correlation of groundwater 

impacts to current or past site operations can be shown. Furthennore, no second-quarter arsenic 

concentration exceeded the corresponding reference concentration. 

Chlordane was detected in both soil and groundwater near Building 656, but would not be 

expected in relation to the 1985 fuel oil release. Chlordane may be associated with general 

applications around the building foundation. Chlordane was reported in only one well during 

both quarterly monitoring events (655GW002). 

Air (Refer to the FFT Report) 

As stated in Section 5.5.4.4 of the FFI, no COCs were identified for this scenario based on the 

sum ILCR and HI for Building 656. Based on the method used in the HHRA, benzene and 

methylene chloride would be identified as COCs based on their contribution to ILCR for the 

future resident inhalation exposure pathway. 

6.2.8.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by 

USEPA Region IV when assessing potential future and current exposure. The exposure 
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6.2.9 Baseline Risk Assessment for AOC 656 

6.2.9.1 Site Background and Investigative Approach 

AOC 656 was investigated to assess a 1974 petroleum spill between Facility 602 and 

Building NS-71. Eleven samples were collected from the surface soil interval (0 to 1 foot deep). 

Table 6.2.9.1 shows each surface soil designation and the list of analytical methods used for 

each. The number of soil samples differs for various analytes because specific groups of 

analytes were targeted at certain sample locations, as shown in Table 6.2.9.1. Samples were 

collected from three shallow monitoring wells, and Tables 6.2.9.2 and 6.2.9.3 list the analytical 

methods used to analyze groundwater samples. 

6.2.9.2 C O X  Identification 

Soil 

Based on the screening comparisons described in Section 6.1.3.4 of this report and shown in 

Table 6.2.9.4, the focus of this )MRA is on the COPCs: BEQs and manganese. Results of the 

Wilcoxon rank sum test indicate that the concentrations of no soil inorganic are significantly 

higher than background in nuface soil at AOC 656. TPH was identified in all four surface soil 

samples analyzed, at concentrations ranging between 81 and 1,900 mglkg. The concentrations 

in five of six samples analyzed exceed the NAVBASE soil AL of 100 mglkg. 

The risk-based screening value for manganese shown, in Table 6.2.9.4, was calculated by 

USEPA using a reference dose based on the ingestion of water. A reference dose based on the 

ingestion of food is also available, and would be more appropriately applied when calculating 

screening values for the incidental soil ingestion exposure pathway. An alternative risk-based 

screening value calculated as outlined in the USEPA Region ITI document, using food RfD, 

would exceed the maximum reported manganese concentration for surface soil. Manganese was, 

however, retained for formal assessment. 
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Groundwater 

As shown in Tables 6.2.9.5 and 6.2.9.6, TEQs were the only COC identified for shallow 

groundwater at AOC 656. 

6.2.9.3 Exposure hexanent 

Exposure Setting 
The exposure s e w  at AOC 656 is an area between a convenience store (a building across from 

the Navy Exchange) and a nearby AST. In 1974, No. 5 fuel oil spilled from a ruptured 

underground fuel line between Facility 602 (the AST) and Building NS-71 (the convenience 

store). The ruptured fuel line connected the 8,000-gallon AST to the boiler in Building 71. 

Current base reuse plans indicate that AOC 656 is within the area scheduled for development 

as a marine industrial park or as open buffer space. 

Potentially Exposed Populations 

Potentially exposed populations are current and future site workers. Additional potentially 

exposed populations are hypothetical future site residents. Future site resident and worker 

exposure scenarios were addressed in this risk assessment. A current site worker's exposure 

would be less than that assumed for the hypothetical future site worker scenario because soil 

contact would be limited. Therefore, future worker assessment is considered to be protective 

of current site users. 

Exposure Pathways 

Exposure pathways for the site workers are dermal contact and incidental ingestion of surface 

soil. The exposure pathways for future residential land use are the same as those for the future 

site worker. In addition, the hypothetical future site worker scenario assumed continuous 

exposure to surface soil conditions. Uniform exposure was assumed for all sample locations. 

Shallow groundwater exposure was assessed relative to ingestion through potable use. No 



Find RCRA Fadliiy Znwtigafi'on Report f07 Zone H 
N A M E  Charleston 

Sem'on 6: h e l i n e  Risk Assc~snmt 
July 5, 1996 

inhalation pathway was analyzed because no volatile COPCs were identified in shallow 

groundwater. Table 6.2.9.7 justifies exposure pathways assessed in this HHRA. 

Exposure Point Concentration 

Eleven surface soil samples were analyzed for BAP. Therefore, the lower of the UCL or 

maximum detected concentration was used for the EPC. Table 6.2.9.8 lists the statistical 

analyses used to derive the EPCs for surface soil at AOC 656. Fewer than 10 shallow 

groundwater samples have been collected, and as a result, the maximum concentration of each 

COPC was used as the EPC for associated pathways. BEQs were detected in only three of 11 

surface soil samples collected (656SB001-01, 656SB009-01, and 656SB011-01). Other samples 

surrounding these impacted samples did not contain any detectable concentrations of these 

COPCs, although many contained TPH at concentrations above the AL. The three impacted 

samples were distributed across the approximately 0.25 acre site and could be representative of 

soil conditions over as much as 50% of the parcel. This distribution was considered an indication 

that an individual could be exposed during onsite activities at concentrations approximating the 

computed UCL. As a result, it was not deemed appropriate to derive an FI/FC factor 

accounting for the areal extent of the contaminants in surface soil. 

Quantification of Exposure 

Soil 

Tables 6.2.9.9 and 6.2.9.10 present the CDIs for the soil ingestion and dermal soil contact 

pathways, respectively. 

Groundwater 

Shallow groundwater CDIs for the ingestion patbway are provided in Table 6.2.9.11. 
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6.2.9.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 6.1.4 of this report. 

Table 6.2.9.12 provided toxicological reference information for each COPC identified in soil 

and groundwater. Presented below are toxicological pmfdes on each COPC. 

Polym& hydrocarbons include the following COPCs: 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Dibenz(a, h)anthracene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno(l,2,3-cd)pyrene 

Chry sene 

TEF 0.1 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

TEF 0.001 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well-established. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their 

carcinogenicity is addressed relative to that of BAP, having an oral SF of 7.3 (mg/kg-day)-'. 

TEFs, also set by USEPA, are multipliers that are applied to the detected concentrations, which 

are subsequently used to calculate excess cancer risk. Most carcinogenic PAHs have been 

classified as such due to animaf studies using large doses of purified PAHs. There is some 

doubt as to the validity of these listings, and the SFs listed in USEPA's RBC Table are 

provisional. However, these PAHs are carcinogens when the exposure involves a mixture of 

other carcinogenic substances (e.g., coal tar, soot, cigarette smoke, etc.). As listed in IRIS 

(search date 6/28/95), the BAP B2 classification is based on insufficient human data specifically 

linking it to a carcinogenic effect. However, multiple animal studies in many species 

demonstrate BAP to be carcinogenic following administration by numerous mutes. 
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BAP has produced positive results in numerous gemtoxicity assays. At the June 1992 CRAVE 

Work Group meeting, a revised risk estimate for BAP was verified. This section provides 

information on three aspects of the carcinogenic risk assessment for the agent in question, the 

USEPA classification, and quantitative estimates of exposure. The classification reflects a 

weight-ofevidence of the likelihood that the agent is a human carcinogen. The quantitative risk 

estimates are presented in application of a lowdose extrapolation procedure and presented as the 

risk per mgkg-day. The unit risk is the quantitative estimate in terms of either risk per pg/L 

drinking water or risk per pg/m3 air breathed. The third form in which risk is presented is 

drinkhg water or air concentration providing cancer risks of 1 in 10,000 or 1 in 1 million. The 

Carcinogenicity Background Document provides details on the carcinogenicity values in IRIS. 

Users are referred to the Oral Reference Dose and Reference Concentration sections for 

information on long-term toxic effects other tban carcinogenicity. 

As listed in IRIS, the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 classification is based 

on no human data and sufficient data from animal bioassays. Benzo(b)fluoranthene produced 

tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and skin 

painting. Benzo(a)anthracene produced tumors in mice exposed by gavage; intraperitoneal, 

subcutaneous, or intramuscular injection; and topical application. Benzo(a)anthracene produced 

mutations in bacteria and in mammalian cells, and transformed mammalian cells in culture. 

Benu>(k)fluoranthene produced tumors after lung implantation in mice and when administered 

with a promoting agent in skin-painting studies. Equivod results have been found in a lung 

adenoma assay in mice. Benzo(k)fluoranthene is mutagenic in bacteria (Klaassen et al. 1986). 

Other PAHs - those not classified by USEPA as carcinogens - are toxic to the Iiver, kidney 

and blood. This group of PAHs includes compounds such as pyrenc, accnaphthene, 

acenaphthylene, benzo(g, h, i)perylcne, and phenanthrene. USEPA determined RfDs for only 
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two of these compounds: pyrene's IUD, is 0.03 mglkg-day, and this Rfl) is also used as a 

surrogate RfD,, for phenanthrew. The RfD, for acenaphthene was determined to be 0.06 

mglkgday . 

Dioxins are chlorinated hydrocarbons that accumulate in fat tissue. Exposure to dioxins, known 

to be potent mutagens and teratogens, causes burning pain in the tongue, abdomen, and pharynx, 

chloracne, loss of body weight, degenerative changes to the liver and thymus, and psychiatric 

disturbances. Woracne is the primatj sign of human exposure @laassen et al., 1986; 

Dreisbach et id., 1987). USEPA classified dioxins as group B2 carcinogens and determined the 

SF, to be 150,000 (mg/kg-day)-1 for 2,3,7 ,&TCDD. Equivalent concentrations of other dioxin 

congeners were calculated based on their conespond'ig toxic equivalents, as recommended by 

USEPA. 

Manganese is an essential nutrient; however, chronic exposure, 0.8 mglkg-day, causes mental 

disturbances. Studies have shown that manganese uptake from water is greater than manganese 

uptake from food, and the elderly appear to be more sensitive than children maassen, et al., 

1986. Dreisbach et al., 1987). Because of the different uptake rates in water and food, USEPA 

set two oral RfDs - one for water and one for food. These RfDs are 0.005 and 

0.14 mg/kg-day , respectively. Inhaling manganese dust causes neurological effects and 

increased incidence of pneumonia, and an M a t i o n  RfD was set to 0.0000143 mglkgday . 
According to USEPA, manganese cannot be classified as to its carcinogenicity. Therefore, the 

cancer class for manganese is group D. As listed in IRIS, the classification is based on existing 

studies that are inadequate to assess the carcinogenicity of manganese. Manganese is an element 

considered essential to h u m  health. The typical vitamin supplement dose of manganese is 2.5 

mglday. As listed in IRIS, the critical effect of this chemical in water in the oral summary are 

CNS effects. The uncertainty factor was 1 and the modifying factor was 1. The critical effect 

of this chemical in food in the oral summary are CNS effects. The uncertainty factor was 1 and 

the modifying factor was 1. As listed in IRIS, the critical effect of this chemical in the 
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inhalation summary is impairment of neuro-behavioral function. The uncertainty factor was 

loo0 and the modifying factor was 1. The IRIS RfC is 0.00005 mgIm3. 

6.2.9.5 Risk Characterization 

Surface Soil Exposure Pathways 

Exposure to surface soil onsite was evaluated under botb residential and industrial (site worker) 

land use scenarios. For these scenarios, the incidental ingestion and dermal contact exposure 

pathways were considered. For noncarcinogenic chemicals evaluated for future site residents, 

HQs were computed separately to address children and adults. Tables 6.2.9.13 and 6.2.9.14 

present the computed carcinogenic risk and noncarcinogenic HQs associated with the incidental 

ingestion and dermal contact with surface soil, respectively. 

lWun Site Residents 

The projected ingestion ILCR (based on the adult and child lifetime weighted average) for 

AOC 656 surface soil is 3E-6. The dermal pathway ILCR is 1E-6. BEQs are the only 

contributor to ILCR for each pathway. HIS for resident child receptors were below 0.01 for 

both pathways. 

fiture Site Workers 

Site worker ILCRs are 3E-7 and 5E-7 for the ingestion a d  dermal contact pathways, 

respectively. BAP is the only contributor to ILCR for each pathway. HIS were below 0.01 for 

both pathways assessed relative to future site workers. 

Because site worker risk projections did not exceed the most conservative 1E-6 point of 

departure assuming that all surface soil was accessible for contact exposure, no formal 

assessment was performed considering the influences of existing site features. Site features, 

such as buildings or pavement, would not be expected to have a significant influence on potential 

exposure for future site workers. More important with respect to AOC 656 may be the 
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characteristics of the impacted area. The entire investigative area comprises approximately a 

quarter acre. Future site workers a d  residents would likely frequent a larger area during daily 

activities. The nature of the waste operations that prompted investigation would not be expected 

to lead to widespread contaminant distribution. As a result, soil contact in the investigative area 

would represent a small fraction of total daily contact, and mean EPCs could be appreciably 

lower than those applied. 

Groundwater 

Exposure to shallow groundwater was evaluated under both residential and industrial 

(site worker) land use scenarios. For these scenarios, the incidental ingestion exposure was 

considered. For noncarcinogenic chemicals evaluated for future site residents, HQs were 

computed separately to address children and adults. Table 6.2.9.15 presents the computed 

carcinogenic risk and noncarcinogenic HQs associated with the potable use ingestion of shallow 

groundwater. 

PWure Site Residents 

The projected ingestion-related ILCR from shallow groundwater was 8E-6. The only 

contributors for the pathway were TEQs. No HIS were computed for adult and child residential 

receptors because no oral reference dose is available for 2,3,7,8-TCDD. 

Future Site Workers 

The projected ingestion-related ILCR from shallow groundwater was 9E-7, and 2,3,7,8-TCDD 

was the sole contributor. 

Cumnt Site Workem 

Shallow groundwater is not currently used as a potable water source for AOC 656 or other areas 

of Zone H. In the absence of a completed exposure pathway, shallow groundwater 

contamination poses no threat to human health. 
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COCs IdenW~ed 

BEQs and TEQs were the only COCs identified at AOC 656. USEPA has established a 

generally acceptable risk range of 1E-4 to 1E-6, and a hazard threshold of 1.0 (unity). In this 

HHRA, a COC was considered to be any chemical contributing to a cumulative risk level of 

1E-6 or greater andor an HI above 1.0, if its individual ILCR exceeds 1E-6 or its HQ exceeds 

0.1. For carcinogens, this approach is comparatively conservative as USEPA Region IV 

recommends a cumulative risk level of 1E-4 (and individual ILCR of IE-6) as the trigger for 

establishing COCs. The COC selection method presented was used to provide a more 

comprehensive evaluation of chemicals contributing to carcinogenic risk or noncarcinogenic 

hazard during the RGO development process. 

'Under the traditional risk-based COC trigger provisions, no carcinogenic COCs would be 

identified under the hypothetical future residential use scenario because the cumulative risk is 

well below IE-4. Identified COCs are sumark& in Table 6.2.9.16. 

Suguce Soil 

Hypothetical Site Residents (Future Land Use) 

&nzo(a)pyrene equivalents were identified as COCs for this scenario based on their contribution 

to riskhazard. 

Hypothetical Site Workers (Current Land Use) 

No COCs were identified for this scenario based on the sum ILCR and HI. 

Due to the l i i ted  extent of identified soil impacts, graphical presentation of risk projections for 

AOC 656 surface soil was detemhed to be of limited use. Instead, the extent of the COCs is 

briefly discussed below. To facilitate this discussion of extent, residential RGOs were compared 

to each reported BEQ concentration. RGOs are described in Section 6.2.9.8 of this HHRA and 

were calculated based on an ILCR of 1E-6. BEQs were detected in excess of the RGO in only 
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three of 11 surface soil samples collected (656SB001-01, 656SB009-01, and 656SBOll-01). 

Other samples surrounding these impacted samples did not contain any detectable concentrations 

of BEQs, although many contained TPH at concentrations above the AL. The three impacted 

samples were distributed across the approximately one quarter-acre site and could be 

representative of soil conditions over as much as 50% of the parcel. 

Gmundwater 

Hypothetical Site Residents 

The COCs identified for this scenario based on its contribution to ILCR were TEQs. 

Hypothetical Site Workers 

No COCs were identifled for this scenario based on the sum ILCR and HI. 

Due to the limited extent of identSed shallow groundwater impacts, graphical presentation of 

risk projections for AUC 656 groundwater was determined to be of limited use. Instead, the 

extent of the COCs is briefly discussed below. TEQs were detected in the one frrst-quarter 

shallow groundwater sample analyzed for dioxins. Due to the hydrophobic nature of dioxins, 

they are not expected to migrate from soil to groundwater. It has been suspected that 

first-quarter results may reflect the influence of sediment entrained in the monitored zone during 

well installation. Third- and fourth-quarter results will co&irm whether TEQs are present in 

shallow groundwater. This review will facilitate responsible and sound risk management 

decisions. 

6.2.9.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by 

USEPA Region IV when assessing potential future and current exposure. The exposure 
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assumptions made in the site worker scenario are highly protective and would tend to 

overestimate exposure. Current site workers are not exposed to site groundwater. They are 

infrequently exposed to surface soil when wallring across the site, using commercial facilities, 

or mowing grass. Site workers would not be expected to work onsite in contact with affected 

media for eight hours per day, 250 days per year as assumed in the exposure assessment. 

Mowing grass 52 days per year would result in one-fm the projected risWhazard for site 

workers. 

Residential use of the site would not be expected, based on current site uses and the nature of 

mounding buildings. The reuse plans call for continued commercial/industriaI use of Zone H. 

Specifically, the area including AOC 656 is proposed to become a marine industrial park or 

remain open buffer space. If this area were to be used as a residential site, the buildings would 

be demolished, and the surface soil conditions would likely change. Consequently, exponut to 

current surface soil conditions would not be likely under a true fum residential scenario. 

These factors indicate that exposure pathways assessed in this HHRA would generally 

overestimate the risk and hazard posed to current site workers and future site residents. 

No site features that would have a significant influence on potential exposure for future site 

workers. The entire investigative area is only approximately a quarter-acre. Future site workers 

and residents would likely frequent a larger area during daily activities. The nature of the waste 

operations that prompted investigation would not be expected to lead to widespread contaminant 

distribution. As a result, soil contact in the investigative area would represent a small fraction 

of total daily contact and would mean that mean EPCs could be appreciably lower than those 

applied. 

Shallow groundwater is not currently used at AOC 656 for potable or industrial purposes. A 

basewide system provides drinking and process water to buildings throughout Zone H. This 

system is to remain in operation under the current base reuse plan. As a result, shallow 
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groundwater use would not be expected under future site use scenarios. Therefore, the scenario 

established to project riskfhazard associated with shallow groundwater exposure is highly 

conservative, and associated pathways are not expected to be completed. 

Detenniircron of Exposure Point ConcenCretions 

The UCL of the concentrations reported for BAP was used as the EPC for this site. The 

maximum detected manganese concentration was applied as the d a c e  soil EPC. Due to the 

limited shallow groundwater dataset, maximum concentrations were also used as the EPC for 

COPCs identified in this medium. 

Frequency of Detection and Spaiial Disbibutwn 

BEQs were detected in three of 11 surface soil samples. This limited number of detections was 

not sufficient basis for deriving an FIiFC factor due to the spatial distributions of the hits. 

Further delineation would be required to determine whether the UCL concentration computed 

is representative of less than 50% of the total investigative area. Without this further 

refinement, application of hot spot assessment methods was considered inappropriate. 

Elevated TPH results (81 to 1,900 mglkg) were reported in six of nine surface soil samples 

analyzed. No groundwater sample contained detectable concentrations of TPH, indicating that 

shallow aquifer is sufficiently protected under current conditions with respect to 

soil-to-groundwater cross-media transport of TPH constituents. Five surface soil TPH results 

exceeded the NAVBASE soil AL of 100 mgfkg. 

In groundwater, 2,3,7,8-TCDD was the only COC identified. It was detected in the one 

fmt-quarter sample analyzed at a concentration of 1.74E-9 mg/L. Based on this limited dataset, 

it cannot be defmitively determined whether chronic exposure at the EPC applied is a reasonable 

estimate. 
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Quantification of Risk/Hazard 

As indicated by the discussion above, the uncertainty inherent in the risk assessment process is 

great. In addition, many site-specific factors that would upwardly bias the risk and hazard 

estimates have affected the uncertainty of this assessment. Exposure pathway-specific sources 

of uncertainty are discussed below. 

Soil 

Of the CPSSs eliminated from formal assessment because they do not exceed the corresponding 

RBCs, none was reported at a concentration within 10% of its RBC. This minimizes the 

likelihood of potentially significant cumulative riskhazard based on the eliminated CPSS. 

Collcentratiom of aluminum, arsenic, beryllium, chromium, and vanadium exceed corresponding 

RBCs, but maxjmum concentrations of these elements do not exceed corresponding reference 

concentrations. Therefore, they were eliminated from formal assessment based on comparisons 

to the reference concentrations, because they do not contribute to excess risk/hazard onsite. 

Although the future land use at this site is unknown, both the worker and residential exposure 

scenarios were assessed in this HHRA. As previously discussed, these scenarios would 

overestimate risk and/or hazard. An individual map was not produced for this site. 

The cumulative RME risk for surface soil incidental ingestion and dermal contact pathways was 

computed to be 4E-6 with BEQs as the sole contributors. Although no formal CT was analyzed, 

a simplified assessment follows. Under CT, exposure duration is assumed to be nine years 

(versus 30 years under RME) and exposure frequency is assumed to be 234 daysfyear (versus 

350 days/year under RME). Due to the linear relationship between exposure frequency and 

duration, and ultimately projected risk, it was calculated that under CT assumptions the 

cumulative sol pathway ILCR would be reduced by a factor of 5. The resultant CT ILCR 

projection would fall below the most conservative 1E-6 point of departure. 
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TEQs, the sole shallow groundwater COCs, were detected at a maximum concentration of 

1.74E-9 mg/L in one fmtquarter sample. This nuximum concentration is below the ARAR of 

Of the CPSSs eliminated from the formal assessment because they do not exceed the 

corresponding RBCs, none was reported at a concentration within 10 % its RBC. This minimizes 

the l ~ l i h o o d  of potentially si-cant cumulative riskhazard based on the eliminated CPSSs. 

Although the future land use at this site is unknown, both the worker and residential exposure 

scenarios were assessed in this HHRA. As previously discussed, these scenarios would likely 

lead to overestimates of risk and/or hazard. An individual map was not produced for this site. 

The CT assumption for residential exposure duration is nine years compared to the 30-year 

assumption for RME. If all other exposure assumptions remain fmed, application of the CT 

exposure duration would result in risk projections 66% below the RME presented in 

Table 6.2.9.16. At CT, the shallow groundwater-related risk (incidental ingestion) would be 

approximately 1 -3E-6, which still exceeds the SCDHEC point of departure. 

6.2.9.7 Risk Summary 

The risk and hazard posed by contaminants at AOC 656 were assessed for the hypothetical RME 

site worker and the hypothetical future site resident. In surface soil, the incidental ingestion and 

dermal contact pathways were assessed in this HHRA. Ingestion was the sole pathway evaluated 

relative to shallow groundwater. Table 6.2.9.17 summarizes risks for each pathwayireceptor 

group evaluated for AOC 656. 
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Tabk 6.2.9.7 
Eqmsure Pathways Summary - AOC 656 

Navd Base Cbuleston 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
Population Pathway for Evaluation? Reason for Selection or Exchion 

Current Land Uses 

Current Site Air, hbahtion of gaseous No No significant VOC concentrations were 
UsersMiintenance contaminants emanating identified at this site based on the screening 

from soil comparisons used to develop the list of 
COPCs. 

Air, Idlalation of 
chemicals entrained in 
fugitive dust 

Shallow groundwater, 
Ingestion of c o n e t s  
during potable or general 
use 

Exposure to dust generated by site users 
&aversing the area would be minimized by 
paved and/or vegetated soils. 

Shallow groundwater is not currently used 
as a source of potable or non-residential 
water at AOC 656. 

Shallow groundwater. No Shallow groundwater is not currently used 
Inhalation of volatilized as a source of potable or non-residential 
shallow groundwater water at AOC 656. 
contaminants 

Soil, Incidental ingestion No (Qualified) Future land use assessment is considered to 
be protective of current receptors. 

Soil, Dermal contact No (Qualified) Future land use assessment is considered to 
be protective of current receptors. 

Future Land Uses 

Future Site Air, Inhalation of gaseous 
Residents (Child contaminants emanating 
and Adult) and from soil 
Future Site Worker 

Air, Inhalation of 
chemicals entrained in 
fugitive dust 

Shallow groundwater, 
Ingestion of contaminants 
during potable or general 
use 

Shallow groundwater, 
Inhalation of volatilized 
conminants during 
domestic use 

Soil, Incidental ingestion 

No 

Yes 

No No significant VOC wncentrations were 
identifled at this site based on the screening 
comparisons used to develop the list of 
c o p c s .  

Exposure to dust generated by site users 
traversing the area would be minimized by 
paved and/or vegetated soils. 

CPSSs were greater than RBC and 
Reference concentrations. 

No 

Yes 

No significant VOCs were identified at this 
site based on the screening comparisons 
used to develop the list of COPCs, 

Current soil conditions were assessed for 
the hypothetical residential and site worker 
scenarios. However, any future 
constnrction activities would likely include 
clean soil being placed on top of current 
surface soils. 



Table 6.2.9.7 
Exposure Pathways Sum- - AOC 656 

Naval Base Charleston 
Charleston, South Carolinn 

Potentially Exposed Medium and Exposure Pathway Selected 
Population Pathway for Evaluation? Rcsson for Selection or Exclusion 

Soil, Dennal contact Yes Current soil conditions were assessed for 
the hypothetical residential scenario. 
However, any future construction activities 
would l i l y  include clean soil being placed 
on top of current surface soils. 

Wild game or domestic No Huntingltaking of game andlor raising 
animals. Ingestion of livestock is prohibited within the 
tissue impacted by media Charleston, South Carolina city limits. 
conlamination 

Fruits and vegetables, No The potential for significant exposure via 
Ingestion of plant tissues his pathway is low relative to that of other 
grown in media exposure pathways assessed. 
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6.2.10 Baseline Risk Assessment for AOC 659 

6.2.10.1 Site Background and Investigative Approach 

AOC 659 was investigated to assess so2 potentially affected by past site activities. This 

30,000-gallon AST south of Hobson Avenue surrounded by a 5-foot high earthen berm. The 

AOC, which was used to store diesel fuel from 1958 until 1990, is no longer in use. Four 

surface soil samples were collected and analyzed at AOC 659. Table 6.2.10.1 shows each 

surface soil designation and the list of analytical methods used for each. Groundwater was not 

samples at this site. 

6.2.10.2 C O X  Identification 

Surface soil data and screening values used in the screening comparison of AOC 659 soil are 

summarized in Table 6.2.10.2. As shown in the tables, no COPCs were identified. Therefore, 

no formal assessment of surface soil was warranted. Petroleum hydrocarbons were identifled 

in three of four soil samples, at concentrations ranging from 77 to 180 mgfkg . The maximum 

concentration exceeds the soil action level of 100 mglkg established for NAVBASE. 
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6.2.11 Baseline Risk Assessment for AOC 660 

6.2.11.1 Site Background and Investigative Approach 

AOC 660 was investigated to assess potential soil and groundwater impacts associated with site 

activities. AOC 660, which is currently an asphalt parking lot northwest of Building NS-53, was 

used for mosquito control staff operations in the 1950s. It may have been used to store, mix, 

and rinse pesticides and application equipment. In all, eight surface soil samples were collected 

and analyzed at AOC 660. Table 6.2.11.1 shows each surface soil sample designation and lists 

the analytical methods used for each sample. Groundwater samples were collected from two 

shallow monitoring wells and analyzed for a similar list of parameters. First- and second-quarter 

groundwater data used as the basis for this HHRA are listed in Tables 6.2.11.2. and 6.2.11.3. 

6.2.11.2 C O X  Identification 

Soil 

Surface soil data and screening values used in the screening comparison for AOC 660 soil are 

summarized in Table 6.2.11.4. As shown in the tables, no COPCs were identified. In addition, 

the results of Wilcoxon rank sum test background comparisons of inorganic CPSSs that exceeded 

their corresponding risk-based screening values did not identify any COPCs. Therefore, no 

formal assessment of surface soil was warranted. TPH was not identified in any surface soil 

samples. 

Groundwater 

Shallow groundwater data and screening values used in the screening comparisons for AOC 660 

groundwater are summarized in Tables 6.2.11.5 and 6.2.11.6 for fmt-and second-quarter 

results. No groundwater COPCs were identified at AOC 660 based on fmt- or second-quarter 

sampling results. In addition, the results of Wilcoxon rank sum test background comparisons of 

inorganic CPSSs that exceeded their corresponding risk-based screening values did not identify 

any COPCs. Therefore, shallow groundwater was not assessed formally. 
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6.2.12 Baseline Risk Assessment for AOC 662 

6.2.12.1 Site Background and Investigative Approach 

AOC 662 was investigated to assess potential soil and groundwater impacts associated with site 

activities. AOC 662 was a service station from 1958 until it was converted to storage space at 

an unknown date. It is currently a n o ~ o u a  material storage area. It is possible tbat two 

unregistered, steel USTs may be onsite. Four surface soil samples were collected and analyzed 

at AOC 662. Table 6.2.12.1 shows surface soil sample designations and lists of analytical 

methods used for each corresponding sample. Groundwater samples were collected from two 

shallow monitobg wells and analyzed for a similar list of parameters. First- and second-quarter 

groundwater data were uscd-e basis for this HHRA. Groundwater samples are lined in 

Tables 6.2.12.2 and 6.2.12.3 for the fust arad second quarter. 

6.2.12.2 C O X  IdenW~cation 

Soil 

Surface soil data and screening values used in the screening comparison for AOC 662 soil are 

summarized in Table 6.2.12.4. As shown in the tables, no COPCs were identified. In addition, 

the results of Wilcoxon rank sum test background comparisons of inorganic CPSSs tbat exceeded 

their corresponding risk-based screening values did not identify any COPCs. Therefore, no 

fonnal assessment of surface soil was warranted. TPH was not identifed in any muface soil 

samples. 

Groundwater 

Shallow groundwater data and screening values used in the screening comparisons for AOC 662 

groundwater are taumwkd in Tables 6.2.12.5 and 6.2.12.6 for first- and semnd-quarter 

results. No groundwater COPCs were identified based on first- or second-quarter sampling 

results, In addition, the results of Wilcoxon rank sum test background comparisons of inorganic 

CPSSs that exceeded their wrrespoeding risk-based screening values did not identify any 

COPCs. Therefore, shallow groundwater was not assessed. 
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6.2.13 Baseline Risk Assessment for AOC 663 and SWMU 136 

6.2.13.1 Site Background and Investigative Approach 

AOC 663 (which includes SWMU 136) was investigated to assess soil a d  groundwater at the 

Fuel Pumping Station, an active gasoline and diesel pumping station .since 1983. Two 

500-gallon USTs, five storage lockers for flammable materials, and an SAA just south of the 

pumping station were investigated. The SAA receives hazardous waste from Building NS-53 

and Facility 85 1. These sources were described in the RFA (EIAgrH, 1995b). 

Samples were collected from surface soil (0 to 1 foot deep) at 10 locations. Table 6.2.13.1 lists 

the sample locations and the analytical methods used for the correspondmg samples. Three 

shallow groundwater monitoring wells were installed a d  sampled. Tabf es 6.2.13.2 and 6.2.13.3 

present the sample locations and analytical methods used for the first arad second quarter. 

6.2.13.2 COPC Identification 

Soil 

The risk-based screening values for manganese and cadmium, shown in Table 6.2.13.4, were 

calculated by USEPA using reference doses based on the ingestion of water. A reference dose 

based on the ingestion of food is also available for both of these elements, and would be more 

appropriately applied when calculating screening values for the incidental soil ingestion exposure 

pathway. Manganese and cadmium in soil were assessed further in this HHRA although neither 

would be expected to be a COPC based on a comparison to RBCs developed using oral 

RfDs applicable to food. 

Based on the screening comparisons shown in Tables 6.2.13.4 and discussed in Section 6.1.3.4 

of this report, the following COPCs were identified for tbe soil exposure pathways: 4,4'-DDE, 

aluminum, Aroclor- 1254, arsenic, BEQs, cadmium, manganese, and vanadium. Wilcoxon rank 

sum test nmlts indicated no significant difference between group sample concentrations for 

aluminum, cadmium, manganese, and vanadium onsite. The same results indicated background 
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concentrations in shallow soil. For arsenic, however, test results showed site concentrations in 

shallow soil to be s i W d y  bigher than background with greater than 97 % confidence. TPH 

was identified in four of five samples analyzed at concentrations ranging from 73 to 190 mglkg. 

The maximum concentration ex& the NAVBASE soil AL of 100 mg/kg. 

Groundwater 

TEQs were identified as groundwater COPCs based on fmtqu te r  sampling results (see 

Table 6.2.13.5). Second-quarter results, presented in Table 6.2.13.6, indicate benzene is a 

COPC. Wilcoxon rank sum test results indicated that there was no significant difference 

between group sample concentrations at combined AOC 663 and background levels in shallow 

groundwater for any inorganic constituent. Therefore, TEQs and benzene were the only COPCs 

identified for formal groundwater risk and hazard assessment. 

6.2.13.3 Exposure Assessment 

Exposure Setting 

The exposure setting at SWMU 136 and AOC 663, is a fuel pumping station and an SAA. The 

fuel pumping station (AOC 663) has been dispensing gasoline and diesel fuel since 1983. The 

SAA (SWMU 136) contains hamdous materials from adjacent buildings. This facility stores 

waste VOCs, metals, arad petroleum products. Stained and cracked asphalt was noted near the 

pumping areas. Approximately 60 % of the area is paved. 

The future use of the site is not definite; however, it is expected to remain 

commercial/industrial. Combined AOC 663 is in an area proposed to become a marine cargo 

termid in current base reuse plans. 

Potentially Exposed Populations 

Potentially exposed populations include current and future site workers as well as hypothetical 

future site residents. Because many traditional activities at NAVBASE have ceased or are 

expected to cease in the near future, current site workers were not specifically addressed in the 



Find  RCRA Fadlity Investigation Report for Zone H 
N A W E  Charleston 

Section 6: Bareline Risk Assessment 
July 5, 1996 

formal assessment. Due to the lack of knowledge regarding the specific functions that will be 

performed by future site workers, a standard default scenario was developed. A similar 

approach was applied for future site residents. 

lhposure Pathways 

Exposure pathways for future site workers and site residents were based on an evaluation of the 

impacted media identified at AOC 663 and SWMU 136. Relative to the soil matrix, incidental 

ingestion and dermal contact were considered viable exposure pathways. Ingestion and 

inhalation of COPCs identifed in shallow groundwater were assessed in this HHRA. Uniform 

exposure was assumed for all sample locations. Table 6.2.13.7 presents the exposwe pathway 

selection process and justifies each pathway evaluated. 

Exposure Point Concentrations 

At AOC 663 and SWMU 136, no more than 10 samples were collected from each potential 

exposure medium. As a result, the maximum concentration of each C O X  identified in soil and 

groundwater was used as the EPC, The use of maximum concentrations does not account for 

variability in the groundwater and soil conditions. 

Quantification of Exposure 

soil 

Tables 6.2.13.8 axad 6.2.13.9 present the CDIs for the ingestion and dermal soil contact 

pathways, respectively. 

Gmundwater 

Tables 6.2.13.10 and 6.2.13.11 present the CDIs for the ingestion and inhalation groundwater 

patbways , respectively. 
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6.2.13.4 Toxicity Assessment 

Toxicity assessment terms and methods are discussed in Section 6.1.5 of this report, 

Table 6.2.13.12 summarizes toxicological risk infonnation for the COPCs identified at this 

combined site. A reference dose was not available for BAP (as BEQ). A brief toxicological 

profile for cPAHs follows. 

Polyammatic h y d r ~ b o n s  include the following COPCs: 

Benzo(a)anthracene 

Be~lzo(b)fluoranthene 

Dibenz(a, h)anthcene 

Benzo(k) fluoranthene 

Benzo(a)p yrene 

Indeno(l,2,3-cd)pyrene 

Chrysene 

TEF 0. I 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEP 0.1 

TEF 0.001 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been wellestablished. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their 

carcinogenicity is addressed relative to that of BAP, having an SF of 7.3 (mglkg-day)-1. TEFs, 

also set by USEPA, are multipliers that are applied to the detected concentrations, which are 

subsequently used to calculate excess cancer risk. Most carcinogenic PAHs have been classified 

as such due to animal studies using large doses of purified PAHs. There is some doubt as to 

the validity of these listings, and the SFs listed in USEPA's RBC Table are provisional. 

However, these PAHs are carcinogens when the exposure involves a mixture of other 

carcinogenic substances (e.g., coal tar, soot, cigarette smoke, etc.), As listed in IRIS (search 

date 6/28/95), the BAP's B2 classification is based on insufficient human data specifically 

linking it to a carcinogenic effect. However, multiple animal studies in many species 

demonstrate BAP to be carcinogenic by numerous routes. 
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BAP bas produced positive results in numerous genotoxicity assays. At the June 1992 CRAVE 

Work Group meeting, a revised risk estimate for BAP was verified. This section provides 

information on three aspects of the carcinogenic risk assessment for the agent in question; the 

USEPA classification, and quantitative estimates of exposure. The classification reflects a 

weight-uf-evidence judgment of the likelihood that the agent is a human carcinogen. The 

quantitative risk estimates are presented in application of a lowdose extrapolation p r o d m  and 

presented as the risk per (mglkg-day). The unit risk is the quantitative estimate in terms of 

either risk per pg/L drinking water or risk per pgIm3 air breathed. The third form in which risk 

is presented is drinking water or air concentration providing cancer risks of 1 in 10,000 or 1 in 

1 million. The Carcinogenicity Background Document provides details on the carcinogenicity 

values found in IRIS. Users are referred to the Oral Reference Dose and Reference 

Concentration sections for information on long-term toxic effects other than carcinogenicity. 

As listed in IRIS, dibenz(a, h)anthmcene, benzo(b)fluoranthene, benzo(a)anthracerre, and 

bem$k)flcmanthene are classified B2 based on no human data but sufficient data from animal 

bioassays. knzo(b)fluoranthene produced tumors in mice after lung implantation, 

intraperitoeeal or subcutaneous injection, and skin painting. Bem(a)anthracene produced 

tumors in mice exposed by gavage; intraperitoneal, subcutaneous, or intramuscular injection; and 

topical application. It also pduced mutations in bacteria and in mammalian cells, and 

transformed mammalian cells in culture. Benzo(k)fluoranthene produced tumors after lung 

implantation in mice and when administered with a promoting agent in skin-painting studies. 

Equivocal results have been fd in a lung adenoma assay in mice. It is also mutagenic in 

bacteria (Klaassen et al., 1986). 

Other PAHs - those not classified by USEPA as carcinogens - are toxic to the liver, kidney 

and blood. This group of PAHs includes compounds such as pyrcne, acenrrphthene, 

acenaphthylene, benw(g, h, i)perylene, andplrenanthrene. USEPA determined RfD's for only 

two of these compounds: pyrene's RfD, is 0.03 mglkg-day, also used as a surrogate RfD, for 

phenandmne. The RfD, for acenaphthene was determined to be 0.06 mgkg-day. 
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Wxins are chlorinated hyclmaubns that accumulate in fat tissue. Exposure to dioxins, bown 

to be potent mutagens and teratogens, causes burning pain in the tongue, abdomen, and pharynx, 

along with cbloracne, loss of body weight, degenerative changes to the liver and thymus, and 

psychiatric disturbms. Chloracne is the primary sign of human exposure (Kiaassen et al., 

1986; Dreisbach et al., 1987). USEPA classified dioxins as group B2 carcinogens and 

detemhed the SF, to be 150,000 (mg/kg-day)-1 for 2,3,7,8-TCDD. Equivalent concentrations 

of other dioxin congeners were calculated based on their corresponding toxic equivalents, as 

recommended by USEPA. 

Aluminum, one of the most abundant metals in the earth's crust (7% aluminum), is ubiquitous 

in air and water, as well as soil. This metal is water-soluble, silvery, and ductile, which 

suggests its use-s in many processes. Ingesting aluminum can affect the absorption of other 

elements within the gastrointestinal tract and can alter intestinal function. AIuminum can 

potentially interfere with the absorption of essential nutrients and cholesterol. Another effect 

on the gastrointestinal system is the inhibition of acetylcholine-induced contractions. These 

contractions are part of the newo-muscular system controlling bowel muscles. The effect could 

explain why aluminum-containing antacids often produce constipation. Aluminum dust is 

moderately flammable and explosive in heat. Inhaling this dust can cause fibrosis (duminosis) 

(Klaassen et al., 1986; Dreisbacb et a1 . , 1987). No data are available on an applicable SF or 

the USEPA cancer group. The USEPA Region IV office of Health Assessment suggested using 

the provisional oral RfD of 1.0 mglkg-day. The aesthetic-based SMCL for drinking water is 

50 to 200 pg/L, as established by USEPA's Office of Water. 

Arsenic exposure via the ingestion route darkens and hardens the skin in chronically exposed 

humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and cardiovascular 

effects (Klaassen et d., 1986). USEPA set 0.3 pglkg-day as the RfD for arsenic based on an 

NOAEL of 0.8 pgkg-day in a human exposure study. Arsenic's effects on the nervous and 

cardiovascular systems are primarily associated with acute exposure to higher concentrations. 
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Exporn to arsenic-contahhg materials bas caused cancer in humans. Inhaling these materials 

can lead to increased lung cancer risk, a d  ingesting these materials is associated with increased 

skin cancer rates . Arsenic bas been classified as a group A carcinogen by USEPA, which set 

the 1.5 (mglkg-day)-1 SF for arsenic. As listed in IRIS (search date 9/1/95), classification is 

based on sufficient evidence fiom human data. Increased lung cancer modity  was observed 

in multiple human populations exposed primarily through inhalation. Also, increased mortality 

from multiple internal organ cancers (liver, kidney, lung, and bladder) and an increased 

incidence of skin cancer were observed in populations coIlfluning drinking water high in 

inorganic arsenic. Human milk contains about 3 pg/L arsenic. The RBC for arsenic in tap 

water is 0.038 pg/L, and USEPA's Office of Water has established an MCL of 0.05 mg/L. As 

listed in IRIS, the critical effect of this chemical is hyperpigmentation, keratosis and possible 

vascular complications. The uncertainty factor was 3 and the modrfying factor was I. 

Cudhiurn can upset the stomach, leading to vomiting and diarrhea in acute exposure; acute 

M a t i o n  of cadmium-containing dust can irritate the lungs. Chronic exposure to cadmium, 

either via inhalation or ingestion, has been shown to cause kidney damage (including kidmy 

stones), emphysema, and high blood pressure. Other tissues reportedly injured by cadmium 

exposure in aaimals and humans include the lungs, testes, liver, immune system, blood, and the 

nervous system (Klaassen et al., 1986). USEPA set an oral IUD of 0.001 (mglkg-day) based 

on human studies (food) involving chronic exposure in which significantly increased protein was 

found in the urine, along with an oraI RfD for water of 0.0005 mglkg-day. For inhalation 

exposure, USEPA classified cadmium as a group B1, or probable human carcinogen, based on 

limited evidence from epidemiological studies in which an excess risk of lung cancer was 

observed in cadmium smelter workers. As listed in IRIS (search date 6/28/95), the classification 

is based on limited evidence from occupational epidemiologic studies consistent across 

investigations and study populations. There is sufficient evidence of carcinogenicity in rats and 

mice by inhalation and intramusclar and subcutanmus injection. Seven studies on rats and mice 

wherein cadmium salts (acetate, sulfate, chloride) were administered orally have shown no 
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evidence of carcinogenic response. There is f l c i e n t  evidence of increased risk of lung cancer 

in rats and mice exposed to cadmium via inhalation. Seven studies in which cadmium was 

administered orally to rats and mice have shown no evidence of carcinogenic response following 

exposure via tbis route. As listed in IRIS, the critical effect of this chemical in water is 

significant proteinuria. The uncertainty factor was 10 and the modifying factor was 1. The 

uncertainty factor was 10 and the rnodming factor was 1. 

Mmgmese is an d a l  nutrient, but chronic exposure (0.8 mg/kg-day) causes mental 

disturbances. Manganese uptake from water is greater than manganese from food, and the 

elderly appear to be more sensitive than children. Because of the different uptake rates in water 

and food, USEPA set two oral RfDs - one for water (0.005 mgtkg-day) and one for food 

(0.14 mg/kg-day). Inhalhg manganese dust causes neurological effects and increased incidence 

of pneumonia. An inhalation RfD was set to 0.0000143 mg/kg-day . According to USEPA, 

manganese cannot be classified according to its carcinogenicity. Therefore, the cancer class for 

manganese is group D. As listed in IRIS (search date 6/29/95), the classification is based on 

existing studies that are hadequate to assess the manganese's carcinogenicity. Manganese is an 

element considered essential to human health. The typical vitamin supplement dose of 

manganese is 2.5 mg/day (K1aassen et a1 . , 1986; Dreisbach et al., 1987). As listed in IRIS, the 

critical effects of this chemical in water in the oral summary are to the CNS. The uncertainty 

factor was 1 and the modifying factor was 1. The critical effects of this chemical in food in the 

oral summary are CNS effects. The uncertainty factor was 1 and the modifying factor was 1. 

As listed in IRIS, the critical effect of this chemical in the inhalation summary is impairment of 

neuro-behavioral function. The uncertainty factor was 1,000 and the modifying factor was 1. 

The IRIS w'is 0.00005 mgfm3. 

PCB Aru,cloors are chlorinated hydmarbons (such as Amlor-1248, 1254, and 1260) that 

accumulate in fat tissue. Occupational exposure (both inhalation and dennal) to PCBs causes 

eye and lung irritation, loss of appetite, liver enlargement, increased serum liver enzyme levels, 
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rashes and chloracne, and decreased birth weight of infants in heavily exposed worker/mothers. 

Of the effects listed above, the fiver is the primary target organ (Klaassen et al., 1986; 

Dreisbach et al., 1987). USEPA classified PCB Aroclors as group B2 carcinogens, primarily 

based on animal data. As listed in IRIS (search date 6/29/95), the classification is based on 

hepatocellular carcinomas in three strains of rats and two strains of mice and inadequate yet 

suggestive evidence of excess risk of liver cancer in humans by ingestion ard W a t i o n  or 

dermal contact. Oral ingestion of PCBs causes liver and stomach tumors in rat studies. USEPA 

set 7.7 (mg/kg4y)-1 as the SF, for PCB Aroclors. Oral RfDs have been set for Aroclor-1016 

Benzene, a VOC which has been associated with leukemia, has been used as a solvent in coal 

tar naphtha, rubber, and plastic cement (Dreisbach et al., 1987). USEPA lists benzene as a 

p u p  A carcinogen. As listed in IRIS (search date 6/29/95), the classification is based on 

several studies of increased incidence of nonlymphocytic leukemia from occupational exposure, 

increased incidence of neoplasia in rats and mice exposed by inhalation and gavage, and some 

supporting data. In large doses, benzene depresses the CNS and chronic exposure depresses 

bone marrow. The oral SF for benzene was set by USEPA as 2.9E-2 (mgikg-day)-'; a 

provisional oral RfD has been set at 3E-4 mg/kg-day. Occupational inhalation exposure to 

benzene is acceptable by OSHA at concentrations of 3.25 rnglm3 or 1 ppm in air 

(NIOSH, 1990). 

Vcuurdium is not readily absorbed through the skin or oral ingestion and is a ubiquitous element. 

It is also a by-product of petroleum ref-. Vanadium is soluble in fats and oils (Klaassen 

et aI., 1986). Municipal water supplies contain 0.001 to 0.006 mg/L. The target organ is 

unclear and the primary focus of toxicological information is inhalation of vanadium dust. 

Typical vitamin supplements wntain approximately 0.010 mg in a daily dose. The R t '  set by 

USEPA is 0.007 mglkg-day . 
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4,4'-DDE is a compound typical of halobenzene derivatives and is a by-product of the pesticide 

DDT. It is soluble in fat, but not in water, and its primary target organs are the liver and brain 

(Dreisbach et al., 1987). DDE is the form of DDT which accumulates in organisms and is 

thought to be responsible for egg shell thinning and other ecological effects. DDE 

bioconcentrates in aquatic organisms and can significantly alter the ecology of some areas, 

especially where DDEccontaining aquatic species are a critical species in the food chain 

(Harte et al., 1991). This compound is listed as a B2 carcinogen, and USEPA set the SF, for 

DDE to 0.34 (rng/kgday)-1. 

6.2.13.5 Risk Characterhation 

Surface Soil Pathways 

Exposure to surface soil onsite was evaluated under both residential and industrial (site worker) 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 

were evaluated. For noncarcinogenic contamhants evaluated for future site residents, hnlard 

was computed separately to address child and adult exposure. Tables 6.2.13.13 and 6.2.13.14 

present the computed carcinogenic risks and/or HQs associated with the incidental ingestion of 

and dermal contact with site surface soil, respectively. 

Hypothetical Site Residents 

Tbe ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 663 and 

SWMU 136 surface soil is lE4. The dermal pathway ILCR is 3E-5. BAP and arsenic are the 

primary contributors to JLCR for each pathway. Aroclor-1254 and 4,4'-DDE also contribute 

to the overall cancer risk projections. 

The HIS for the adult and child ingestion pathway were estimated to be 0.2 and 2, respectively. 

The dermal HIS for the adult and child were estimated to be 0.08 and 0.3, respectively. Primary 

contributors to the HI are arsenic, Aroclor-1254, and alumhum for both the ingestion and 

dermal exposure pathways. 
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Hypothetical Site Workem 

Site worker I E R s  are 1E-5 for both the ingestion and dennal contact pathways. The ingestion 

and dermal contact HIS for the site worker scenario were estimated to be 0.08 and 0.06, 

respectively. Primary contributors to the HI are arsenic, Aroclor-1254, and aluminum for both 

the ingestion and dermal exposure pathways. 

Although the frqpency of detection is low for some COPCs, a formal hot spot approach was 

not used to estimate exposure. Arsenic was reported in nine of all surface soil samples 

analyzed, and would not be affected by a percent area adjustment. The Wilcoxon rank sum 

results indicate that soil arsenic concentrations are significantly greater than background, and 

therefore, arsenic was included as a COPC. BEQs were reported in approximately 50% of the 

site. Reducing the exposure estimate for BEQs by 50% would not significantly reduce the risk 

estimates for the combined sites. Variability in the BEQ exposure estimates exists because the 

three hits are spread across the site and do not clearly defw an area. 

Groundwater Pathways 

Exposure to shallow groundwater onsite was evaluated under both residential and industrial (site 

worker) scenarios. The ingestion and inhalation pathways were evaluated for each. For 

noncarcinogenic co ntaminants evaluated for future site residents, hazard was computed separately 

to address child and adult exposure. Tables 6.2.13.15 and 6.2.13.16 present the computed 

carcinogenic risks and/or HQs associated with the groundwater ingestion and M a t i o n  

pathways, respectively. Benzene was the sole COPC identified in shallow groundwater, and was 

detected exclusively in secondquarter samples. 

Hyputhetical Site Residents 

The ingestion ILCR (based on the adult a d  child lifetime weighted average) for groundwater 

is 7E-5. The M a t i o n  pathway ILCR is 7E-5. Benzene was the primary contributor to ILCR, 

and 2,3,7,8-TCDD accounted for the rest. The HIS for the adult and child ingestion pathway 
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were estimated to be 15 and 34, respectively. The inhalation HIS for the adult and child 

receptors were estimated to be 3 and 6, respectively. Benzene was the only contributor to 

the m. 

Hypothetical Site WorRers 

Site worker ILCRs are 2E-5 for both the ingestion and inhalation pathways. The ingestion and 

inhalation HIS for the site worker scenario were estimated to be 5 and 1, respectively. Benzene 

was the primary contributor to ILCR, and 2,3,7,8-TCDD accounted for the rest. Benzene was 

the only contributor to the hazard index. 

2,3,7,8-TCDD was reported in only one well during the first quarter of shallow groundwater 

monitoring, and benzene was reported in the same well in the second-quarter groundwater 

sample. The concentration reported for 2,3,7,8-TCDD is approximately one order of magnitude 

less than the MCL of 3E-8 mg/L. 

COCs Identified 

COCs were based on cumulative (all pathway) risk and hazard projected for this site, as shown 

in Table 6.2.13.15. USEPA has established a generally acceptable risk range of 1E-4 to 1E-6, 

and a hazard threshold of 1.0 (unity). In this HHRA, a COC was considered to be any chemical 

contributing to a cumulative risk level of 1E-6 or greater and/or an HI above 1.0, if its 

individual ILCR exceeds 1E-6 or its HQ exceeds 0.1. For carcinogens, this approach is 

comparatively consewative because USEPA Region N recommends a cumulative risk level of 

1E-4 (and individual ILCR of 1E-6) as the trigger for establishing COCs. The COC selection 

algorithm was used to more comprehensively evaluate chemicals contributing to carcinogenic 

risk or noncarcinogenic hazard during the RGO development process. 
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. . 
The soil exposure scenarios were marntslned in both instances. Under the traditional risk-based 

COC trigger provisions, no carcinogenic COCs would be identified under the hypothetical 

residential use scenario for soiI or groundwater because the cumulative risk is well below 1E-4. 

SuTf~u:c soil 

Hypotheticat Site Residents (Wture Land Use) 

Aroclor- 1254, BEQs, 4.4'-DDE, aluminurn, arsenic, d vanadium were identified as COCs for 

this scenario based on their contribution to risk/hazard. Primary contributors to the HI are 

arsenic, PCB Aroclor-1254 and aluminum for both the ingestion and dermal exposure pathways. 

Arsenic is the largest contributor to E R  for the ingestion pathway, while BAP contributes most 

to the dermal contact ILCR. 

Hypothetical Site Workers ( C u m  Land Use) 

Aroclor-1254, BEQs, and arsenic were identified as COCs for this scenario based on their 

contribution to risk. BAP and arsenic are the primary contributors to ILCR. 

Groundwafer 

Hypothetical Site Residents ( U t e  Land Use) 

Benzene and TEQs were identified as COCs for this scenario based on their contribution to 

risWhazard. Benzene was the sole contributor to ILCR. 

Hypothetical Site Workers (IWum Land Use) 

Benzene was the only COC identified for this scenario based on its contribution to risk/hazard. 

Due to the limited extent of identified shallow groundwater impacts, graphical presentation of 

risk projections for AOC 663 groundwater was determined to be of limited use. Instead, the 

extent of the COC is briefly discussed below. Benzene appeared in one second-quarter sample. 

TEQs were detected in the one fmtquarter shallow groundwater sample analyzed for dioxins. 
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Due to the hydrophobic nature of dioxins, they are not expected to migrate from soil to 

groundwater. It has been suspected that fmtquarkr results may reflect the influence of 

sediment entrained in the monitored zone during well installation. Consideration of third- and 

fourthquarter results will confirm whether TEQs are present in shallow groundwater. This 

review will facilitate responsible and sound risk management decisions. 

6.2.13.6 Riskuncertainty 

Characterization of Exposwe Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by USEPA 

Region N when assessing potential future and current exposwe. The exposure assumptions in 

the site worker scenario are highly protective and would tend to overestimate exposure. Current 

site workers are not exposed to site groundwater, and approximately 60% of the site is paved. 

Site workers are hkquently exposed to Mace soil when wallang across the site, pumping fuel, 

or during activities. Site workers would not be expected to work onsite in contact with affected 

media for eight hours per day, 250 days per year as assumed in the exposure assessment. 

Pumping fuel onsite 52 days per year would result in one-fifth the projected risWhazard for site 

workers. If the exposure were adjusted to account for the percentage of time spent pumping 

fuel, CDI (and thus riskthazard estimates) would be much less than that presented in 

Section 6.2.13.3. 

Residential use of the site would not be expected, based on current uses and the nature of 

surrounding buildings. Current reuse plans call for continued commercial andfor industrial use 

of Zone H as a marhe cargo terminal. If this area was used as a residential site, the buildings 

would be demolished, and the surface soil conditions would likely change. Consequently, 

exposure to current sur f . .  soil conditions would not be likely under a true future residential 

scenario. These factors indicate that exposure pathways assessed in this HHR4 would generally 

overestimate the risk and hazard posed to current site workers and future site residents. 
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Shallow groundwater is not currently used at AOC 463 and SWMU 136 for potable or industrial 

purposes. The basewide system that supplies drinking and process water to buildings throughout 

Zone H is to remain in operation under the m t  base reuse plan. As a result, shallow 

groundwater would not be expected to be used under future site use scenarios. Therefore, the 

scenario established to project ris- associated with shallow groundwater exposure is 

highly conservative, and associated pathways are not expected to be completed. 

Dete?mindon of Expornre Point Contemns 

The maximum reported concentrations of soil and groundwater COPCs were used as the 

respective EPCs for this site. 

lihquency of Detecrion and Spaiicrl DisaibuCion 

Of the COCs identified in this EMRA for surface soil, PCB Aroclor-1254 and BEQs were 

detected in 50% or less of the samples analyzed. PCB Aroclor-1254 was detected in only one 

of nine samples analyzed. The use of the maximum reported concentration as EPC for 

PCB Amlor- 1254, BEQs, 4,4'-DDE, a l e ,  arsenic, and vanadium overestimates exposure. 

If concentrations other tban the maximum reported were adjusted by the FI multiplier from 

contamhated source and the; resulting EPCs were applied to the risk calculations at AOC 663, 

the risk estimates for surface soil and groundwater would be estimated at less than 1E-4, which 

is within the USEPA acceptable risk range. The same concept would apply to the HI, which 

would be estimated to be below the USEPA HI threshold of 1. 

Based on second-quarter groundwater data, benzene and 2,3,7,8-TCDD were identified as 

COCs; each compound was detected in only ow sample. Combined AOC 663 and SWMU 136 

were a pumping station and could be a source of benzene. Third and fourth quarters of 

groundwater monitoring data should be used to confirm whether these COCs are present. Risk 

management decisions based on risk/hazard estimates for these compounds should be made after 

third- and fourthquarter growxiwater monitoring results are obtained. 
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As indicated by the discussions above, the uncertainty inherent in the risk assessment process 

is great. In addition, many site-specific factors have affected the uncertainty of this assessment 

that would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 

As a measure of variability, CT was analyzed for soil and groundwater. Exposure assumptions 

were modified to reflect the 50th percentile rather than the 95th, and exposure point 

concentrations were not modified. In accordance with S u p e r n ' s  Standard D@alt Ekposure 

Factors for the Central Tendency and Reasonable M a x i m  Exposure-Draft (USEPA, 1993), the 

exposure duration of site residents were reduced from 30 to nine years, two years for child 

exposure, and seven years for adult exposure. Exposure frequency was reduced from 350 to 

234 days for site residents and from 250 to 219 days for site workers. The drinlung water 

ingestion rate for an adult was reduced from 2 to 1.4 liters per day, and exposure to 

groundwater was reduced by 25% to account for other water sources. Soil ingestion rates for 

site residents were reduced by 50%, and dermal surface area was not modified. CDI, risk and 

hazard based on CT exposure assumptions are presented and discussed below. 

soil 

Four of the soil samples were collected by coring through asphalt, which could be a source of 

CPSSs. The remaining samples were collected next to pavement which covered a diesel UST. 

Runoff from the concrete pad onto site soil could be the source of some CPSSs in soil. The 

maximum concentration of BEQs was reported in this area in sample 663SB007. 

Of the CPSSs eliminated from formal assessment because they did not exceed the corresponding 

RBCs, none other than chlordane was reported at a concentration within approximately 10% of 

its RBC. This minimizes the likeiihood of potentially simcant cumulative risWhazard based 

on the eliminated CPSSs. Although the maximum of neither alpha-chlordane nor 
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gamma-chlordane exceeds the corresponding risk-based screening value, the sum of the 

maximum reported co~lcentrations for the chlordane isomers exceeds the corresponding 

risk-based screening value. However, the arithmetic mean of the two chlordane isomers does 

not approach the risk-based screening value, and a sisniflcaat contribution to rislhamd would 

not be expected based on the mean reported concentrations. Chlordane would not be expected 

as a COPC based on historical use as a fuel pumping station. Concentrations of beryllium and 

chromium exceeded their corresponding RBCs, but maximum concentrations of these elements 

did not exceed the corresponding reference cummtmtions. Therefore, they were eliminated 

from f o d  assessment based on comparisons to the reference concentrations because they did 

not contribute to excess risk/Umd onsite. 

Both the worker and residential exposure scenarios were assessed in this HHRA. As previously 

discussed, these scenarios would likely lead to overestimates of risk andfor hazard. BEQs and 

arsenic, the primary contributors to soil risk, were not adjusted for the FIIFC. Arsenic was 

reported in all nine samples and was determined to be significantly above background 

concentrations (based on the Wilcoxon rank sum results for arsenic). The exposure estimates 

for these COPCs were based on the maximum reported concentrations; variability was not 

addressed. If arsenic is at some point d e t e m i d  not to be a concern onsite, the distribution of 

BAP in surface soil should be considered, and variability should also be addressed. The mean 

concentration of BEQs reported in combined AOC 663 surface soil (0.77 mgkg) would result 

in ILCR of approximately 3E-6 for the cumulative soil resident (as opposed to 2E-5, which was 

based on the maximum reported concentration). A map was not produced for this site. 

CDIs based on CT exposure assumptions are presented in Tables 6.2.13.18 and 6.2.13.19 for 

incidental ingestion of soil and dennal cantact with soil, respectively. Risk and hazard based 

on CT are presented in Tables 6.2.13.20 and 6.2.13.21 for incidental ingestion of soil and 

dermal contact with soil, respectively. 
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Hypothetical Site Residents (IWum Lurid Use) 

ILCR estimated for the incidental ingestion pathway was 1E-5. Arsenic and BEQs were the 

primary contributors to ICLR. HIS estimated for this pathway were 0.1 and 1 for the adult and 

child scenarios, and arsenic, PCB Aroclor-f 254, and aluminum accounted for most of the hazard 

estimated for the ingestion exposure pathway. 

ILCR estimated for the dermal contact pathway was 7E-6. BEQs, arsenic, and PCB 

Aroclor-1254 were primary contributors to ICLR. Hazard indices estimated for this pathway 

were 0.05 and 0.2 for the adult and child scenarios, and arsenic, PCB Aroclor-1254, and 

aluminum accounted for most of the hazard estimated for the ingestion exposure pathway. 

Hypothetical Site Workers (Cumnt Land Use) 

ILCR estimated for the ingestion pathway was 2E-6 and the HI was estimated to be 0.07. 

Arsenic and BEQs were the primary contributors to ICLR. Arsenic, PCB Aroclor-1254, and 

aluminum accounted for most of the h a a d  estimated for the ingestion exposure pathway. The 

dermal contact pathway ILCR was estimated to be 2E-6, and the HI was estimated to be 0.05. 

BEQs, arsenic, and PCB Arodor-1254 were primary contributors to ICLR. Arsenic, PCB 

Armlor-1254, and aluminum accounted for most of the hazard estimated for the ingestion 

exposure pathway. 

Gmundwater 

Of the CPSSs eliminated from farmal assessment because they did not exceed the corresponding 

RBCs, none was reported at a concentration close to its MC, reducing the likelihood of 

potentially significant cumulative riskhazard based on the eliminated CPSSs. Concentrations 

of arsenic and manganese exceeded their corresponding RBCs, but maximum concentrations of 

these elements did not exceed corresponding reference concentrations. 
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CDIs calculated based on CT exposure to shallow groundwater are presentad in Table 6.2.13.22. 

Risk and hazard based on CT are presented in Tables 6.2.13.23 and 6.2.13.24 for ingestion and 

inhalation of COPCs identified in shallow groundwater. 

Hypothetical Site Residents ( .  Lrurd Use) 

ILCR estimated for the ingestion of shalIow groundwater was 9E-6. The only contributors to 

ILCR were benzene and BEQs, and benzene accounted for more than 95% of the ILCR. 

Benzene was assessed for inhalation exposure, and inhalation ILCR was estimated to be 9E-6. 

The HIS for the adult and child ingestion and inhalation exposure pathways were based on 

benzene only, and were estimated to be 5 and 17 for the ingestion pathway, respectively. HIS 

for the adult and child exposure inhalation pathways were estimated to be 0.9 and 3, 

respectively. 

Hypothetical Site Workers (hturr Land Use) 

The ingestion exposure pathway E R  was estimated to be 2E-6 for the site worker exposure 

scenario. Benzene accounted for greater than 95 % of the ILCR estimate. The HI estimated for 

future site workers was 3, and benzene was the sole contributor to hazard for this pathway. 

Benzene was also assessed for the inhalation exposure pathway, and the site worker ILCR was 

estimated to be 2E-6. The inhalation HI estimate was 0.6. 

6.2.13.7 RiskSummary 

The risk and hazard posed by contaminants at combined AOC 663 were assessed for the 

hypothetical RME site worker and the hypothetical future site resident. In surface soil, the 

incidental ingestion and dermal contact pathways were assessed in this HHRA. Ingestion and 

inhalation were evaluated for shallow groundwater based on fmt- and secondquarter 

groundwater monitoring data. Table 6.2.13.25 summarizes risk for each pathwaylrewptor group 

evaluated for combined AOC 663. 
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6.2.13.8 Remedial Goal Options 

RGOs for carcinogens were based on the lifetime weighted average site resident and adult site 

worker, as presented in Tables 6.2.13.26 and 6.2.13.27 for surface soil. Hazard-based RGOs 

were calculated based on either the hypothetical child resident or the adult site worker, as noted 

in each of the corresponding tables. 

Groundwater 

Groundwater RGOs based on site residents and site workers are shown in Tables 6.2.13.28 and 

6.2.13.29, respectively. 
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Table 62.13.7 
Exposure Pathways Summary - AOC 663 

Naval Base Charleston 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
Population Pathway for Evahmtion? Reason for Selection or Exclusion 

Current Lpnd Uses 

Current Site Air, Inhalation of gaseous No No significant VOC concentrations were 
UsersMahtennnce contmhants emanating identilied at this site based on the screening 

from soil comparisons used to develop the list of 
COPCs. 

Air, Inhalation of 
chemicals entrained in 
fugitive dust 

Shallow groundwater, 
Ingestion of conraminants 
during potable or general 
use 

Exposure to dust generated by site users 
traversing the area would be minimized by 
paved d o r  vegetated soils. 

SWow groundwater is not currently used 
as a source of potable or non-residential 
water at AOC 663. 

Shallow groundwater. No Shallow groundwater is not currently used 
Malation of volatilized as a source of potable or non-residentizl 
shallow groundwater water at AOC 663. 
contaminants 

Soil, Incidental ingestion No (Qualified) Future land use assessment is considered to 
be protective of current receptors. 

Soil, Dermal contact No (Qualified) Future land use assessment is considered to 
be protective of current receptors. 

Future Land Uses 

Future Site Air, Inhalation of gaseous 
Residents (Child contaminants emanating 
and Adult) and from soil 
Future Site Worker 

Air, Inhalation of 
chemicals entrained in 
fugitive dust 

SWow groundwater. 
Ingestion of contaminants 
during potable or general 
use 

Shallow groundwater, 
Inhalrtion of volatilized 
c o n m h n t s  during 
domestic use 

Soil, Incidental ingestion 

No 

Yes 

No No significant VOC concentrations were 
identifed at this site based on the screening 
comparisons used to develop tbe list of 
COPCs. 

Exposure to dust generated by site users 
traversing the area would be minimized by 
paved andlor vegetated soils. 

CPSSs were greater than RBC and 
Reference concentrations. 

Yes 

Yes 

VOCs were identified at this site based w 
the screening comparisons used to develop 
the list of COPCs. 

Cumnt soil conditions were assessed for 
the hypothetical residential and site worker 
scenarios. However. any future 
construction activities would likely include 
clean soil being placed on top of current 
surface soils. 



Table 63.13.7 
Exposure Pathways Summary - AOC 663 

Naval k t  Charleston 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
Populntion Pathway for Evaluation? Repson for Seltction or Exclusion 

Soil, Dermal contact Yes Current soil eonditim were pssessed for 
h e  hypothecicaf residential scenario. 
However, any fwlre construction activities 
would likely include clean soil king p W  
on top of current surface soils. 

Wild game or domestic 
ani.mals, Ingestion of 
tissue impacted by media 
contamination 

HuntingltPLing of game a d o r  raising 
live~tock is prohibited within the 
Chuleston. South Carolina clty limits. 

Fruirs and vegetables. No The potential for significant exposure via 
Ingestion of plant tissues this pathway is low relative to that of other 
grown in media exposure pathways assessed. 
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Table 63.13.7 
expaPurc Pathways Summary - AOC 663 

Naval Base Charkston 
Charleston, South Carolinn 

Potentially Exposed Medium and hpoe.we Pathway Selected 
Population Pathway for E v a l u a ~ ?  Reamn for Sthctbn or Exclusion 

Soil. Dermal contact Yes Cumnt soil conditions were assessed for 
the hypothcticlrl r e ~ i d ~ t i d  scenario. 
However. any future construction activities 
would likely ioclude clean soil being placed 
on top of current surface soils. 

Wild game or domestic No Hunting/taking of game d o r  raising 
animals, Ingestion of livestock is prohiiited within (he 
tissue impacted by media Charleston, South Carolina city limits. 
contamination 

Fruits and vegetables, No The potential for sig-t exposure via 
ingestion of plant tissues this patbway is low relative to !hat of other 
grown in media exposure pathways assessed. 
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6.2.14 Baseline Risk Assessment for AOC 665 

6.2.14.1 Site Background and Investigative Approach 

AOC 665 was investigated to assess soil at the former site of a pyrotechnic storage shed present 

from 1993 until demolition at an  own date. The types of pyrotechnic explosives stored 

there are hown. Currently, Building 1889 and NS-46 occupy the shed's former site. Four soil 

samples were collected from the surface interval (0 to 1 foot deep). Table 6.2.14.1 also shows 

each d a c e  soil designation aad lists analytical methods used. Groundwater was not sampled 

6.2.14.2 C O X  IdentiTication 

Surface soil data and screening values used in the screening comparison for AOC 665 soil are 

summarized in Table 6.2.14.2. As shown in the table, BEQs were the only identified soil 

COPC. TPH was identified in two of four soil samples with the TPH concentration ranging 

from 94 to 200 mgfkg, which exceeds the NAVBASE soil A L  of 100 mglkg. 

6.2.14.3 Expome b s m m e n t  

Exposwesetting 

The exposure setting at combined AOC 665 is currently office and training buildings. A 

pyrotechnic shed reportedly occupied the site from 1943 until it was demolished. 

The site is anticipated to remain commerciUindustria1 property. AOC 665 is in an area 

proposed to become a marixle cargo terminal under current base reuse plans. 

Potentially Exposed Populations 

Potentially exposed populations include current and future site workers as well as hypothetical 

future site residents. Because many traditional activities at NAVBASE have ceased or are 

expected to cease in the near future, current site workers were not specifically addressed in the 

formal assessment. Due to the lack of specific lulowldge regarding the functions that will be 



Final RClPA Facracrlity Inycstigatr'on Report for Zone H 
NAVBASE Charkston 
Section 6: h e l i n e  Risk Assessment 
July 5, I996 

performed by future site workers, a standard default scenario was developed for these 

individuals. A similar approach was applied for future site residents. 

Expos~re Psthw8ys 

Exposure pathways for future site workers and site residents were based on an evaluation of the 

impacted media identified at AOC 665. Relative to the soil matrix, incidental ingestion and 

dermal contact were considered viable exposure pathways. Groundwater exposure pathways 

were not considered because no COPCs were identified. Unifonn exposure was assumed for 

all sample locations. Table 6.2.14.3 presents the exposure pathway selection process and 

justifies each pathway evaluated. 

Exposure Point Concentrations 

At AOC 665, fewer than 10 samples were collected from each potential exposure medium. As 

a result, the maximum concentration of each COPC identifed in soil was used as the EPC. 

Quantification of Exposure 

Soil 

Tables 6.2.14.4 and 6.2.14.5 present the CDI for the ingestion and dermal contact pathways. 

6.2.14.4 Toxicity Assessment 

Carcinogenic PAHs were the only COPCs identified at AOC 665. The following summarizes 

the riswhazard for the compound group. 

Polyatunzdc hydn,catbons include the following compounds: 

TEF 0.1 

TEF 0.1 

TEF 1.0 
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Future Site Wor&ers 

The projected ingestion related ILCR from nuface soil was 1.9E-7, and the dermal pathway risk 

was 3.1E-7. BEQs were the only contributors for both pathways. No reference dose is 

available for BAP, thus no HQs were computed. 

Because site worker risk projections did not exceed the most conservative 1E-6 point of 

departure, assuming that all surface soil was accessible for contact exposure, no formal 

assessment was performed considering the influences of site features. The maximally impacted 

d a c e  soil sample (location 665SB002) was collected directly beneath an asphalt parking 

surface. If the parking lot remains intact, direct soil exposure will be prevented under typical 

worker exposure conditions. 

COCs Identified 

COCs were identified based on soil pathway risk and hazard projected for the site. BEQs were 

the only COCs in AOC 665. USEPA has established a generally acceptable risk range of 1E-Q 

to 1E-6, and a hazard threshold of 1.0 (unity). In this HHRA, a COC was considered to be any 

chemical contributing to a cumulative risk level of 1E-6 or greater and/or a HI above 1 .O, if its 

individual ILCR exceeds 1E-6 or its HQ exceeds 0.1. For carcinogens, this approach is 

comparatively conservative as USEPA Region TV recommends a cumulative risk level of 1E-4 

(and individual ILCE! of 1E-6) as the trigger for establishing COCs. The COC selection 

algorithm more comprehensively evaluates chemicals contributing to carcinogenic risk or 

noncarcinogenic hazard during the RGO development process. 

The soil exposwe scenarios were maintained in both instances. Under the traditional risk-based 

COC trigger provisions, no carcinogenic COCs would be identified under the hypothetical 

residential use scenario for soil because the cumulative risk is well below 1E-4. 
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SuIf(u:e Soil 

Hypothetical Site Residents 

BEQs were identifled as COCs for this scenario based on their conuibution to risWhazard. 

Hypthetical Site Workers 

No COCs were identifed for this scenario based on the sum ILCR and HI. 

Due to the limited extent of identifed soil impacts, graphical presentation of risk projections for 

SWMU 665 surface soil were of limited use. Alternatively, the extent of the COCs identified 

in surface soil is briefly discussed below. To facilitate this discussion of the extent of COC 

concentrations, residential RGO were compared to each reported concentration for the COCs 

identified above. Calculation of the RGOs used for this comparison was based on an ILCR of 

1E-6. BEQs were reported at a concentration in excess of the corresponding RGO at two sample 

locations which were also the only locations at which they were detected (two of four surface 

soil samples). The maximum BEQs were detected in sample 665SB002 (0.151 mglkg), which 

was collected from directly beneath an asphalt parking lot. 

6.2.14.6 Risk Uncertainty 

Characterization of Exposure Setting and IdenM~cation of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by 

USEPA Region IV when assessing potential future and current exposure. The exposure 

assumptions in the site worker scenario are highly protective and would tend to overestimate 

exposure. Under current site use conditions, workers are not exposed to surface soil sampled 

during the RFI when wallring across the site or using the buildings and parking lot because the 

area in question is beneath an asphalt parking lot. 
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Residential use of the site would not be expected, based on curent uses and the nahm of 

surrounding buildings. Plans call for continued use as nonresidential maintenance property, 

specifically a marine cargo terminal. To develop the site for residential purposes, the asphalt 

parking surface would be removed. There is a high probability that the cPAHs detected in 

surface soil are associated with this overlying material. Consequently, exposure to current 

surface soil conditions would not be likely under a true future residential scenario. These factors 

indicate that exposure pathways assessed in this H H M  would generally overestimate the risk 

and hazard posed to current site workers and future site residents. 

Dete mimaSon of Exposure Point ConcenCrations 

The maximum concentration reported for BEQs was used as the EPC for this site. As a result, 

the quantification of exposure does not account for potential variability in the contaminant 

concentrations in the soil matrix. 

~ q u e n c y  of &fecion and Spatial LXstribudon 

The use of the maximum concentration as a EPC is questionable for the COCs at this site, and 

the calcufated risk and hazard could be skewed up or down because of the low frequency of 

detection. The biased sampling approach skewed high. 

BEQs reported in surface soil at combined AOC 665 deserve further mention because they were 

detected in only two of the four samples. As a result, the potential for chronic exposure is 

considered low. Therefore, risk projected in this assessment is considered an overestimate. The 

only BEQ hits were J qualified; therefore, confidence in the quantitation is relatively low. If 

frequency of detection was used to estimate the fraction ingested from contamhated source and 

fraction contacted from contaminated source terms, the soil pathway ILCR would be just above 

1E-6, assuming all other conditions and assumptions remain constant. 
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Elevated TPH results (94 to 200 mglkg) were reported in soil onsite. No groundwater sample 

con- detectable concentrations of TPH, indicating that the shallow aquifer is sufficiently 

protected under c m n t  conditions with respect to soil-to-groundwater cross-media tramport of 

TPH constituents. 

QuantiTcation of Risk/Hazard 

As indicated, the uncertainty inherent in risk assessment is great. In addition, many site-specific 

factors have affected the uncertainty of this assessment that would upwardly bias the risk and 

hazard estimates. Exposure pathway-specific sources of uncertainty are discussed below. 

soil 

Of the CPSSs eliminated from formal assessment because they did not exceed the corresponding 

RBCs, none was reported at a concentration within 10% of its RBC, reducing the likelihood of 

potentially significant cumulative riskfhazard based on the eliminated CPSSs. Concentrations 

of aluminum, arsenic, beryllium, and manganese exceeded their comspo~ing  RBCs, but 

maximum coflcentrations of these elements did not exceed the corresponding reference 

concentrations. Therefore, they were eliminated from formal assessment based on comparisons 

to the reference concentrations because they did not contribute to excess riskmazard at the site. 

The sample in which BEQs were detected was collected directly beneath an asphalt covered lot. 

BAP and other cPAHs are constituents of asphalt and their presence is not necessarily 

attributable to past or current site operation. The former operations at AOC 665 included 

pyrotechnic explosives storage, which would not be expected to be a source of BEQ compounds. 

Both the worker and residential exposure scenarios were assessed in this HHRA. As previously 

discussed, these scenarios would likely lead to overestimates of risk and/or hazard. A map was 

not produced for this site. 
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Table 63.143 
Exposwe Pathways Summary - AOC 666 

Naval Base Charleston 
CharIcst011, South Cnrolinn 

Potentially Exposed Medium and Exposure Pntbwpy Sckcted 
Population Pntbway for Fhluation? Reason for Selection or Exchuion 

Current Land Uses 

Current Site Air, Inhalation of gaseous No Based on the COPCs identified in this BRA 
U s e r s ~ t e n m c e  contaminants emanating for SWMU 665, no significant VOC 

from soil concentrations were identified at this site. 

Air, Inhalation of No Exposure to dust generated by site users 
chemicals entrained in traversing the uca would be minimized by 
fugitive dust paved Podlor vegetated soils. 

Shallow groundwater, 
Ingestion of contambunts 
during potable or general 
use 

Shallow groundwater, 
Inhalation of volatilized 
shallow groundwater 
contaminants 

Shallow groundwater is not currently used 
as a source of potable or non-residential 
water at SWMW 665. 

Shallow groundwater is not currently used 
as a source of potable or non-residential 
water at SWMU 665. 

Soil, Incidental ingestion No (Qualified) Future lrnd use assessment is considered to 
be protective of current receptors. 

Soil, Dermal contact No (Qualified) Future land use assessment is considered to 
be protective of current recep!os. 

Future Land Uses 

Future Site Air, Inhalation of gaseous 
Residents (Child contaminants emanating 
and Adult) and from soil 
Future Site Worker 

Air, Inhalation of 
chemicais entrained in 
fugitive dust 

Shallow groundwater, 
Ingestion of contaminants 
during potable or general 
use 

Shallow groundwater, 
Inhalation of volatilized 
contaminants during 
domestic use 

Soil, Iucidentnl ingestion 

No Based on the COPCs identified in this BRA 
for SWMU 665, w significant VOC 
concentrations were identified at this site. 

No Exposure to dust generated by site users 
traversing the area would be minimized by 
paved nndlor vegetated soils. 

No 

Yes 

Risk-based screening was performed on 
&allow groundwater data. No COPCs 
were idtntificd at this site. Therefore, 
shallow groundwater was not addressed 
fonnauy. 

Risk-based screening was performed on 
shallow groundwater data. No VOCs were 
identified as shallow groundwater COPCs 
at this site. 

Current soil conditions were assessed for 
the hypothetical residential and site worker 
scenarios. However, any future 
construction activilies would likely include 
clean soil being placed on top of current 
surface soils. 



Table 63.143 
Exposure Patbmp Summary - AOC 665 

Naval Base Charleston 
charkston, South Carolina 

Potentidly Exposed M u m  m d  Erposure Pathway Selected 
Population P0th-y for Evaluation? Rcruw for Seketion or Exclusion 

Soil, Dermal contact 
- - - -- 

Yes Cumt soil db wm Psscssed for 
the hypothetical residmtiol scenario. 
However. any future comtn~ction activities 
would likely include .clan soil b e i i  placed 
on top of current surface soils. 

Wild game or domestic No Hunthgltaking of game and/or raising 
animals, Ingestion of livestock is prohibii within the 
tissue impacted by media Charleston. South Carolina city limits. 
contomination 

Fmits and vegetables, No The potential for significant exposure via 
Ingestion of plant tissues this pathway is low relative to that of other 
grown in mtrlia exposure pathways assessed. 
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TEF 0.01 

TEF 1.0 

TEF 0.1 

TEF 0.001 

Some PAWS are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well established. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their 

carcinogenicity is addressed relative to that of BAP, having an oral SF of 7.3 (mgikg-day)-1. 

TEFs also set by USEPA, are multipliers applied to the detected concentrations, which are 

subsequently used to calculate excess cancer risk. Most carcinogenic PAHs have been classified 

as such due to animal studies using large doses of purified PAHs. There is some doubt as to 

the validity of these listings, and the SFs listed in USEPA's RBC Table are provisional. 

However, these PAHs are carcinogens when the exposure involves a mixture of other 

carcinogenic substances (e. g . , coal tar, soot, cigarette smoke, etc .). As listed in IRIS (search 

date 6/28/95), the B2 classification is based on insufficient human data specifically linking BAP 

to a carcinogenic effect. However, multiple animal studies in many species demonstrate BAP 

to be carcinogenic following administration by rnunerous routes. 

BAP has produced positive results in numerous genotoxicity assays. At the June 1992 CRAVE 

Work Group meeting, a revised risk estimate for BAP was ~ e ~ e d .  This section provides 

information on three aspects of the carcinogenic risk assessment for the agent in question; the 

USEPA classification, and quantitative estimates of exposure. The classification reflects a 

weight-ofevidence of the likelihood that the agent is a human carcinogen. The quantitative risk 

estimates are presented in application of a lowdose extrapolation procedure and is presented as 

the risk per mglkg-day. The unit risk is the quantitative estimate in terms of either risk 

per pg/L drinking water or risk per pgirn3 air breathed. The third form in which risk is 

presented is drinEung water or air concentration providing cancer risks of 1 in 10,000 or 1 in 
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1 million. The Carcinogenicity Background Document provides details on the carcinogenicity 

values found in IRIS. Users are referred to the Oral Reference Dose and Reference 

Concentration sections for information on long-term toxic effects other than carcinogenicity. 

As listed in IRIS, the I32 classification of dibenz(a,h)anthmcene, benzo(b), and 

benzo(b)fluoranthene is based on no human data but sufficient data from animal bioassays. 

Benzo(b)fluoranthene produced tumors after lung implantation in mice and when administered 

with a promoting agent in skin-painting studies. Equivocal results have been found in a lung 

adenoma assay in mice. It aIso mutates in bacteria (Klaassen et al., 1986). 

Other PAHs - those not classified by USEPA as carcinogens - m toxic to the liver, kidney 

and blood. This group of PAHs includes compounds such as pyrene, acenaphthene, 

acenaphthylene, benzo(g,h,i)perylene, anti phenmthrene. USEPA determined RfDs for only 

two of these compounds. Pyrene's RiD, of 0.03 mglkg-day is also used as a surrogate RfD, for 

phenanthrene. The RfD, for acenaphthene is 0.06 mgfkg-day. 

6.2.14.5 lrisk Characterization 

Surface Soil Exposure Pathways 

Exposure to surface soil onsite was evaluated under both residential and industrial (site worker) 

land use scenarios. For these scenarios, the incidental ingestion and dermal contact exposure 

pathways were considered. For noncarcinogenic chemicals evaluated for future site residents, 

HQs were computed separately to address children and adults. Tables 6.2.14.6 and 6.2.14.7 

present the computed carcinogenic risk and noncarcinogenic HQs associated with the incidental 

ingestion and dermal contact with &ace soil. 

Futrrre SiCc Residents 

The projected ingestion related ILCR from surface soil was 1.7E-6, and the dermal pathway risk 

was 7.7E-7. BEQs were the only contributors for both pathways. No reference dose is 

available for BAP; thus no HQs were computed. 
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6.2.15 Baseline Risk Assessment for AOC 666 

6.2.15.1 Site Background and Investigative Approach 

AOC 666 was investigated to assess soil and groundwater near a UST (unknown capacity) which 

supplies No. 2 fuel oil to a heating plant (Facility NS-44). Before the site was constructed in 

1958, the sunomding area was an airstrip. 

Samples were collected from surface soil (0 to 1 foot deep) at seven locations. Table 6.2.15.1 

lists the sample locations and analytical methods for the cornsportding samples. Two shallow 

groundwater monitoring wells were installed and sampled. Tables 6.2.15.2 and 6.2.15.3 list the 

sample locations and analytical methods used for the first and second quarter, respectively. 

6.2.15.2 COPC Identif~cation 

Soil 

Based on the screening comparisons shown in Table 6.2.15.4 and discussed in Section 6.1.3.4 

of this report, the following COPCs were identified for the soil exposure pathways: 

PCB Arocfor- 1260, arsenic, BEQs, mercury, N-nitrosodi-n-propylamiae, and vanadium. 

Wilcoxon rank sum test results indicate that, of the three inorganic chemicals listed above for 

shallow soil, vanadium is significantly higher than background (with more than 99% certainty), 

while arsenic and mercury are not significantly above background. TPH was identified in all 

seven samples analyzed at concentrations ranging from 87.5 to 3,000 mglkg. The maximum 

concentration exceeds the NAVBASE soil AL of 100 mglkg. 

Groundwater 

As shown in Table 6.2.15.5, the COPCs identified in shallow groundwater for this site based 

on first-quarter results are chloromethane and vinyl chloride, which were not detected during 

secondquarter sampling (Table 6.2.1 5.6). 



Final RCRR Fm*lity Znwtigatt'on Report for Zonc H 
N A W E  CharItsron 
Section 6: &ueJine Risk Asscssment 
July 5, 1996 

Exposure -g 

The exposure setting at AOC 666 is a UST (Facility NS-45) of unknown capacity, enclosed by 

creosote-treated railroad ties. The UST site is approximately 10 feet x 30 feet. The tank 

supplies No. 2 fuel oil to the adjacent heating plant (NS-44). The site was constructed in 1958 

at a former airstrip. 

C m n t  base reuse plans call for continued commerciaVindustria1 use of this site as a marine 

cargo terminal. 

Potentially Expcwed Populations 

Potentially exposed populations are current and future site workers as well as hypothetical future 

site residents. Because many traditional activities at NAVBASE have ceased or are expected to 

cease in the near future, current site workers were not specifically addressed in the fonnal 

assessment. Due to the lack of information regarding the specific functions that will be 

performed by future site workers, a standard default scenario was developed for these 

individuals. A similar approach was applied for future site residents. 

Exposure Pathways 

Exposure pathways for future site workers and site residents were based on an evaluation of the 

impacted media identified at AOC 666. Relative to the soil matrix, incidental ingestion and 

dennal contact were considered viable exposure pathways. Ingestion and inhalation of COPCs 

identified in shallow groundwater were assessed in this HHRA. Uniform exposure was assumed 

for all sample locations. Table 6.2.15.7 presents the exposure pathway selection process and 

justifies for each pathway evaluated. 
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Exposure Point Concentrations 

At combined AOC 666, no more than 10 samples were collected from each potential exposure 

medium. As a result, the maximum concentration of each COPC ident5ed in soil and 

groundwater was used as the EPC. The use of maximum colacentrations does not account for 

variability in groundwater and soil conditions at AOC 666. 

Quantification of Exposure 

Tables 6.2.15.8 and 6.2.15.9 present the CDIs for the ingestion and dermal soil contact 

pathways. Table 6.2.15.10 presents the CDI for the ingestion groundwater pathway. 

6.2.15.4 Toxicity Amesment 

Toxicity assessment terms and methods are discussed in Section 6.1.5 of this report. 

Table 6.2.15.11 fllmmarizes toxicological risk information for the COPCs identifled at 

AOC 666. Brief toxicological profrles for COPCs follow. 

N - N h s o - d i - n - p m p y ~ e  is an SVOC which is a USEPA B2 carcinogen in two species and 

a mutagen. As listed in IRIS (search date 7/95), the classification is based on i n c d  tumor 

incidence at multiple sites in two rodent species and in monkeys to which the compound was 

administered by various routes. The respiratory system and Iiver were determined to be the 

primary sites for caacer caused by this compound. USEPA determined the oral SF to be 

7 .O (mgikg-day)-' . 

Arsenic exposure via the ingestion route darkens and hardens the skin in chronically exposed 

humans. Inhalation exposure to arsenic causes neurological deficits, anemia, and cardiovascular 

effects (Klaassen et al, 1986). USEPA set 0.3 pgkg-day as the Rfl) for arsenic based on an 

NOAEL of 0.8 pglkg-day in a human exposure study. Arsenic's effects on the nervous and 

cardiovascular systems are primarily associated with acute exposure to higher concentrations. 

Exposure to arsenic-containing materials has been shown to cause cancer in humans. Inhaling 

these materials can lead to increased lung cancer risk, and ingesting these mterials is associated 
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with increased skin cancer rates. Arsenic has been classified as a group A carcinogen by 

USEPA, which set the 1.5 (mglkg-day)-1 SF for arsenic. As listed in IRIS (search date 9/1/95), 

the classification is based on sufficient evidence from human data. Increased lung cancer 

mortality was observed in multiple human populations exposed primarily through inhalation. 

Also, increased mortaIity from multiple internal organ cancers (liver, kidney, lung, and bladder) 

and an increased incidence of skin cancer were obsewed in populations consuming dmkmg 

water high in inorganic arsenic. Human milk contains about 3 pg/L arsenic. The FU3C for 

arsenic in tap water is 0.038 pg/L. As listed in IRIS, the critical effect of this chemical is 

hyperpigmentation, keratosis and possible vascular complications. The uncertainty factor was 

3 and the modifying factor was 1. 

PCB Aroclors are groups of chlorinated hydrocarbons (such as hclor-1248, 1254, and 1260) 

that accumulate in fat tissue. Occupational exposure (both inhalation and dennal) to PCBs 

causes eye and lung irritation, loss of appetite, liver enlargement, increased senun liver enzyme 

concentrations, rashes, chloracne, and decreased birth weight of infants in heavily exposed 

worker/mothers. Of the effects listed above, the liver is the primary target organ 

(Klaassen et al., 1986; Dreisbach et al., 1987). USEPA classified PCB Aroclors as group B2 

carcinogens, primarily based on animal data. As listed in IRIS (search date 6/29/95), the 

classification is based on hepatocellular carcinomas in three strains of rats and two strains of 

mice and inadequate yet suggestive evidence of excess risk of liver cancer in humans by 

ingestion and inhalation or dermal contact. Orai ingestion of PCBs causes liver and stomach 

tumors in rat studies. USEPA set 7.7 (mglkg-day)-1 as the SF, for PCB Aroclors. Oral RfDs 

have been set for Arodor- 101 6 (0.00007 mglkgday) and Aroclor- 1254 (0.00002 mglkg-day). 

Polyarzlmatk h y d m c d n s  include the following COPCs: 

TEF 0.1 

TEF 0.1 
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Dibenz(a , h)anthcene TEF 1.0 

Benzo(lc)fluoranthene TEF 0.01 

Indeno(l,2,3-cd)pyr= 

Chrysene 

TEF 1.0 

TEF 0.1 

TEF 0.001 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well-established. There are no RfDs for the PAHs above due to a lack of 

data. All PAHs listed above are classified by USEPA as B2 carcinogens, and their 

carcinogenicity is addressed relative to that of BAP, having an SF of 7.3 (mgfkg-day)-1. TEFs, 

also set by USEPA, are multipliers that are applied to the detected concentrations, which are 

subsequently used to calculate excess cancer risk. Most carcinogenic PAHs have been classified 

as such due to animal studies using large doses of purified PAHs. There is some doubt as to 

the validity of these listings, and the SFs listed in USEPA's RBC table are provisional. 

However, these PAHs are carcinogens when the exposure involves a mixture of other 

carcinogenic substances (e.g . , cod tar, soot, cigarette smoke, etc.). As listed in IFUS (search 

date 6/28/95), the B2 classification is based on insufficient human data specifically linking BAP 

to a carcinogenic effect. However, multiple animal studies in many species demonstrate BAP 

to be carcinogenic following administration by numerous routes. 

BAP has produced positive results in numerous genotoxicity assays. At the June 1992 CRAW 

Work Group meeting, a revised risk estimate for BAP was ver i f i .  This section provides 

information on three aspects of the carcinogenic risk assessment for the agent in question the 

USEPA classification, and quantitative estimates of exposure. The classification reflects a 

weight-of-evidence judgment of the likelihood that the agent is a human carcinogen. The 

quantitative risk estimates are presented in application of a lowdose extrapolation procedure and 

presented as the risk per mg/kgday. The unit risk is the quantitative estimate in terms of either 

risk per pg/L chkmg water or risk per pgIm3 air breathed. The third fonn in which risk is 
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presented is drinking water or air concentration providing cancer risks of 1 in 10,000 or 1 in 

1 million. The Carcinogenicity Background Document provides details on the carcinogenicity 

values found in IRIS. Users are referred to the Oral Reference Dose and Reference 

Concentration sections for information on long-term toxic effects other than carcinogenicity. 

As listed in IRIS (search date 6/28/95), the dibenzo(a, h)anthcene and benzo(b)fluoranthene B2 

classification is based on no human data but sufficient data from animal bioassays. 

Benzo(b)fluoranthene prodwed tumors in mice after lung implantation, intraperitoneal or 

subcutaneous injection, and skin painting. Benzu(a)anthcene produced tumors in mice exposed 

by gavage; hperitoneal, subcutaneous, or intram- injection; and topical application. 

It also produced mutations in bacteria and in mammalian cells, and transformed mammslian cells 

in cultwe. &nzo(k)fluoranthene produced tumors after lung implantation in mice and when 

administered with a promoting agent in skin-painting studies. Equivocal results have been found 

in a lung adenoma assay in mice. It also mutates in bacteria (Klaassen et al., 1986). 

Other PAHs - those not classified by USEPA as carcinogens - are toxic to the liver, kidney 

a d  blood. This group bf PAHs includes compounds such as pyrene, ucenuphthene, 

rnenaphthylene, benzo(g, h, i)perylene, and phenanthrene. USEPA determined RfDs for only 

two of these compounds: pyrene's RfD, of 0.03 mgtkg-day, is also used as a surrogate IUD, 

for phenanthrene. The RfD,, for acenaphthene was determined to be 0.06 rng/kg-day. 

Mercury occurs in three forms: elemental, organic, aad inorganic. The major source of this 

element is the degassing of the earth's crust. Target organs of inorganic mercury include the 

kidney, nervous system, fetus, and neonate. Mercury can be toxic to a fetus if the mother is 

exposed during pregnancy. This element k toxic to all cells in the body, it binds to enzymes 

in the cells and disrupts their function, usually causing the cell to become useless or die. 

Because this inorganic is concentrated in the kidney prior to excretion, the kidney is a major 

target organ for mercury ingestion. The primary target of mercury vapor is the brain. Some 
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forms of mercury are drawn toward fats in the body (such as the nervous system), where the-it 

changes into its toxic form. This causes the nervous disorder known as Minimata disease, 

overexposure to mercury through ingestion of contamhated fsh. At M d t a ,  Japan, fish 

ingested inorganic mercury from an indusbrial discharge, and the inorganic form was metabolized 

to organic mercury (IUaassen et al., 1986; Dreisbach et al., 1987). USEPA set mercury's IUD 

to 0.0003 mgfkg-day (inorganic form). Mercury is liquid at room temperature, and is poorly 

absorbed in this form if ingested. Typical daily exposure is less than 1 pg1Lday. 

V d m  is not readily absorbed through the skin or oral ingestion and is a ubiquitous element. 

It is also a by-product of petroleum ref-. Vanadium is soluble in fats and oils (Klaassen 

et al., 1986). Municipal water supplies contain 0.001 to 0.006 mg/L. The target organ is 

unclear, and the pirmary focus of toxicological information is W a t i o n  of vanadium dust, an 

exposure pathway not addressed in this risk assessment. Typical vitamin supplements contain 

approximately 0.010 mg in a daily dose. The RfD, set by USEPA is 0.007 mg/kgday . 

Chloromethune is a colorless gas with an ethereal odor and sweet taste. It is slightly soluble 

in water and volatile. Acute poisoning is characterized by the narcotic effect. In addition, 

repeated exposure to low concentrations damages the CNS and, less frequently, the liver, 

kidneys, bone marrow, and cardiovascular system. Hemorrhages into the lungs and intestinal 

tract have also been reported. In exposures to high concentration, dizziness, drowsiness, 

uncoordination, confusion, nausea, vomiting, abdominal pains, hiccoughs, diplopia, and dimness 

of vision followed by delirium, convuIsions, and coma have been reported and death may be 

immediate. Death may occur several days later from degenerative changes in the heart, liver, 

and especiaIly the kidneys (Klaassen et al., 1986; Dreisbach et al., 1987). USEPA has 

established an oral SF of 0.013 (mg/kgday)-1 and an inhalation SF of 0.0063 (mg/kgday)-1. 

Vinyl chloride is a volatile organic that can cause Raynaud's Phenomenon, also known as white 

finger disease. It has been shown to cause angiosarcoma, a cancer, and has been associated with 

reproductive dysfunction in men and women. The primary target organs for noncarcinogenic 
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effects are the liver, kidney, and nervous system. This compound inbibits one of the main 

metabolic pathways of the body (a group of enzymes), and can influence the toxicity of other 

compounds because of this effect (Klaassen et al., 1986; Dreisbach et al., 1987). Due to the 

carcinogenicity of this compound, USEPA classified vinyl chloride as a class A carcinogen and 

set the SF, and SF, to 0.3 and 1.9 (mg/kg-day)-1, respectively. 

6.2.15.5 Risk Characterization 

Surface Soil Pathways 

Ekposure to surface soil onsite was evaluated under both residential and industrid (site worker) 

scenarios. For these scenarios, the incidental ingestion and dermal contact exposure pathways 

were evaluated. For noncarcinogenic contamhants, evaluated for future site residents, hazard 

was computed separately to address child and adult exporn. Tables 6.2.15.12 and 6.2.15.13 

present the computed carcinogenic risks W o r  HQs associated with the incidental ingestion of 

site surface soil, and dermal contact with it. 

Hypothetical Sifc Residents 

The ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 666 

surface soil is 9E5. The dennal pathway ILCR is 2&5. BEQs, n-nitromi-n-propylamine, 

and arsenic were the primary contributors for both pathways. PCB Aroclor-1260 was also a 

primary contributor for the incidental ingestion pathway. 

The computed HI for the adult resident was 0.2 for the soil ingestion pathway. The computed 

HI for the child ingestion pathway was 2. The primary contributors are arsenic @I&- 1.3) and 

vanadium (HL-0.5) .  The dermal contact pathway HIS were 0.04 and 0.14 for the adult 

resident and the child resident, respectively. 
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Hypothetical Sife WorAcrs 

Site worker UX3Rs are 1E-5 and 8E-6 for the ingestion and dermal contact pathways. BAP and 

arsenic were the primary contributors for each pathway. The HIS for the hypothetical site 

worker ingestion and dermal pathways were estimated to be 0.07 and 0.03, respectively. 

Although the frequency of detection is low for some COPCs, a fonnal hot spot approach was 

not used to estimate exposure. Arsenic was reported in five of seven surface soil samples 

analyzed, and would not be affected by a percent area adjustment. The Wilcoxon rank sum 

results for AOC 666 indicate that soil arsenic concentrations are not significantly above 

background; however, arsenic was included as a COPC because of concentrations exceeding the 

RBC. 

Groundwater Pathways 

Exposure to shallow groundwater onsite was evaluated under both residential and industrial 

scenarios. For these scenarios, the ingestion and hidation exposure pathways were evaluated 

assuming the site groundwater will be used for potable andlor domestic purposes and that an 

unfidtered well, which draws from the corresponding water-bearing zone, will be installed. HIS 

were not calculated for this exposure pathway because reference doses were not available for the 

groundwater COPCs. Tables 6.2.15.14 and 6.2.15.15 present the computed risks andfor HQs 

associated with the groundwater ingestion and inhalation pathways, respectively. Chloromethane 

and vinyl chloride, the COPCs identified in shallow groundwater, were detected exclusively in 

fmt-quarter samples. 

Ryputhekal Site Re&& 

The ingestion ILCR (based on the adult and child lifetime weighted average) for AOC 666 is 6E- 

5. The inhalation pathway ILCR is 1E-5. The primary contributor to risk for the groundwater 

pathway was vinyl chloride and chloromethane. The Hls for ingestion and inhalation pathways 

were below 0.01, a d  the contributor was chloromethaoe. 
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Hypothe&al Site Workem 

Site worker LCRs are 1.5E-5 and 2.3E-6 for the ingestion and inhalation exposure pathways, 

respectively. The primary contributor to risk for the groundwater pathway was vinyl chloride. 

The HIS for ingestion and inhalation pathways were below 0.01, and the contributor was 

chloromethme . 

Cuwent Site Workers 

Shailow groWLC1wat.r is not currently used as a potable water source for AOC 666 or other 

Zone H areas. In the absence of a completed exposure pathway, reported shallow groundwater 

contamhation poses no threat to human health. 

Vinyl chloride and chloromethane were reported in only one well during the fmt quarter of 

shallow groundwater monitoring. The presence of these COPCs should be c o ~ m e d  by third- 

and fourth-quarter groundwater monitoring data. The concentration reported for vinyl chloride 

is approximately equal to the MCL of 0.002 mg/L. 

COCs Identified 

COCs at AOC 666 were identifkd based on cumulative (all pathway) risk and hazard projected 

for this site, as shown in Table 6.2.15.16. USEPA has established a generally acceptable risk 

range of 1E4 to 1E-6, and a hazard threshold of 1.0 (unity). In this HHRA, a COC was 

considered to be any chemical contributing to a cumulative risk level of 1E-6 or greater and/or 

an HI above 1.0, if its individual ILCR exceeds 1 E-6 or its WQ exceeds 0.1. For carcinogens, 

this approach is comparatively conservative as USEPA Region IV recommends a cumulative risk 

level of 1E-4 (and individual ILCR of 1E-6) as the trigger for establishing COCs. The COC 

selection algorithm more comprehensively evaluates chemicals contributing to carcinogenic risk 

or noncarcinogenic hazard during the RGO development process. 



Final RCRI Fa*@ Znvatigarion Report for Zonr H 
NAVBASE QtorSuton 

W o n  6: Baseline Risik Assasmen% 
July 5, 1996 

Suvace Soil 

Hypothetical Site Residents (Future Lolad Use) 

PCB Aroclor- 1260, BE@, arsenic, n-nitroso-di-n-pmpylamirme, and vanadium were identified 

as COCs for surface soil based on their contribution to riswhzard. 

Hypothetical Site Workers (current land use) 

BEQs, arsenic, and n-nitmodi-n-propylamine were identified as COCs for d a c e  soil based 

on their contribution to site worker risk. No hazard-based COCs were identified for the site 

worker scenario. 

Gmundwater 

Hypdhetical Site Residents (Future Land Use) 

The carcinogenic COCs identifed in shallow groundwater are chloromethe and vinyl chloride 

based on their contribution to risk. No hazard-based COCs were i d M i e d  for this pathway. 

Hypothetical Site Workers (current land use) 

The carcinogenic COC identified in shallow groundwater is vinyl chloride based on its 

contribution to risk. No hazard-based COCs were identified for this pathway. 

The extent of the COCs identified in shallow groundwater is briefly discussed below. 

Residential RGOs were compared to each reported concentration for each CUC identified above. 

RGOs are described in Section 6.2.15.8 of this HHRA. RGOs used for this comparison were 

calculated based on an ILCR of 1E-6 andlor an HQ of 1.0 (where applicable). Chloromethane 

and vinyl chloride were reported at wncenbations in exceeding the corresponding RGOs at 

sample location 666GW001. 

Consideration of third- and fourthquarter results will c u n f i  whether the presence of 

chloromethane aad vinyl chloride are present in shallow groundwater. This review will facilitate 

responsible and sound risk management decisions. 
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6.2.15.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the expoflue setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by 

USEPA Region IV when assessing potential future and current exposure. The exposure 

assumptions in the site worker scenario are highly protective and would tend to overestimate 

exposure. Current site workers are not exposed to site groundwater, and approximately 1 0 %  

of the site is currently a grassy area bounded by a gravel parking lot and a paved road. Site 

workers are exposed to surface soil when wallung across the site, pumping fuel, or during 

maintenance activities. However, site workers would not be expected to work onsite in contact 

with affected media for eight hours per day, 250 days per year as assumed in the exposwe 

assessment. Pumping fuel onsite 52 days per year would result in one-fifth the projected 

risk,hazad for site workers. If the exposure were adjusted to account for the percentage of time 

spent pumping fuel, CDI (and thus r i s W h d  estimates) would be much less than that presented 

earlier. 

Residential use of the site would not be expected, based on current uses and the nature of 

surrounding buildings. Current reuse plans call for continued commercial and/or industrial use 

of Zone H as a marine cargo terminal. If this area is used as a residential site, the buildings 

would be demolished, and the surface soil conditions would likely change. Consequently, 

exposure to current surface soil conditions would not be likely under a true future residential 

scenario. These factors indicate that exposure pathways assessed in this HHRA would generally 

overestimate the risk and hazard posed to current site workers and future site residents. 

Shallow groundwater is not currently used at AOC 666 for potable or industrial purposes. A 

basewide system provides drhkmg and process water to buildings throughout Zone H. This 

system is to remain in operation under the current base reuse plan. As a result, shallow 

groundwater use would not be expected under future site use scenarios. Therefore, the scenario 
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established to project risk/bazard associated with shallow groundwater exposure is highly 

conservative, and associated pathways are not expected to be completed. 

Determination of Exposure Point Conceni?utiuns 
The maximum reported concentrations of AOC 666 soil and groundwater COPCs were used as 

the respective EPCs for this site. 

l+equency of Detection and Spatial Distribution 

Of the COCs ideaed in this HHRA for AOC 666 d a c e  soil, PCB Aroclor-1260 and 

n-nitrosodi-n-propylamhe were detected in only one of seven samples analyzed. As previously 

discussed, the maximum reported concentration was used to calculate CDI for all COPCs in both 

soil and groundwater. Therefore, confidence in the EPCs calculated for the soil pathway is 

lower due to the nelatively low fiquency of detection of most COPCs. No one hot spot was 

identified for the group of COPCs. Arsenic, the primary contributor to the HI, was reported 

at two locations where the arsenic HQ would exceed 1.0: 666SB002 and 666SB004. The 

maximum concentrations were reported at 666SB004. Concentrations reported at the remaining 

sample locations would not exceed an HQ of 1.0. The estimated hazard is likely an 

overestimate. 

PAHs such as BEQs are relatively widespread compounds found on or near creosote-coated 

wood, roadways, asphalt parking lots, and g e d l y  in high-traffic areas. Soil samples fiom 

this AOC were collected near a gravel parking lot, which is a potential source of PAHs and 

possibly other compounds. The estimated risk is likely an overestimate. 

In shallow groundwater, sigmficant uncertainty exists in the COPCs identified and their 

corresponding risk/hazard. Two monitoring wells were used to characterize shallow 

groundwater within AOC 666. Chlorometluoc d vinyl chloride were detected in one during 

the first quarter and were not detected in the secondquarter samples. The maxihum 
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concentration reported for vinyl chloride (0.0021 mg/L) is approximately equal to its 

MCL (0.002 mg/L). Third and fourth quarters of groundwater monitoring data should be used 

to confm whether these COCs are present. Risk management decisions based on Whazard 

estimates for these compounds should be made subsequent to obtaining third- and fourth-quarter 

groundwater monitoring results. 

Q ~ ~ c a t i o n  of RiskiEazard 

As indicated above, the uncertainty inherent in the risk assessment process is great. In addition, 

many site-specific factors have affected the uncertainty of this assessment that would upwardly 

bias the risk and hazard estimates. Exposure pathway-specific sources of uncertainty are 

discussed below. 

As a measure of variability, CT was analyzed for soil and groundwater. Exposure assumptions 

were modified to reflect the 50th percentile rather than the 95th, and EPCs were not modfie-. 

In accordance with Superfund's Standard Default Exposure Factors for the Central Tendency and 

Reasonable Maximum Erposure-Drafr (USEPA, 1993), the exposure duration of site residents 

were reduced from 30 to nine years, two years for child exposure and seven years for adult 

exposure. Exposure frequency was reduced from 350 to 234 days for site residents and from 

250 to 219 days for site workers. The drinkrng water ingestion rate for an adult was reduced 

from 2 to 1.4 liters per day, and exposure to groundwater was reduced by 25% to account for 

other water sources. Soil ingestion rates for site residents were reduced by SO%, and dermal 

surface area was not modified. CDI, risk and hazard based on CT exposure assumptions are 

presented and discussed below. 

Soil 

Of the CPSSs eliminated from formal assessment because they did not exceed the corresponding 

RBCs, none was reported at a concentration within 10% of its RBC. This minimizes the 

likelihood of potentially simcant cumulative risk/hazard with respect to the eliminated CPSSs. 
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Beryllium and manganese wmntrations exceeded their corresponding RBCs, but maximum 

concentrations of these elements did not exceed the corresponding reference concentmtions. 

Therefore, they were eliminated fiom fonnal assessment based on comparisons to the reference 

concentrations because they did not contribute to excess riskihazard at the site. 

Both the worker and residential exposure scenarios were assessed in this HHRA. As previously 

discussed, these scenarios would likely lead to overestimates of risk a d o r  hazard. Arsenic, 

PCB Aroclor-1260, BEQs, and n-nitroso-di-n-propylamine, the primary contributors to soil risk, 

were not adjusted for the FIIFC. Arsenic was reported in five of seven samples and was not 

significantly above background concentrations (based on the Wilcoxon rank sum results for 

arsenic). The exposure estimates for these COPCs were based on the maximum reported 

concentrations, and variability was not addressed. If arsenic is determined to not be a concern 

at this site, at some point, the distribution of BEQs in surface soil should be considered and 

variability should also be addressed. The mean concentration of BEQs reported in AOC 666 

surface soil (0.334 mglkg) would result in ILCR of approximately 6E-6 for the cumulative soil 

resident (as opposed to 2E-5, which was based on the maximum reported concentration). A map 

was not produced for this site. 

CDIs based on CT exposure assumptions are presented in Tables 6.2.15.17 and 6.2.15.18 for 

incidental ingestion of soil and dermal contact with soil, respectively. Risk and hazard based 

on CT are presented in Tables 6.2.15.19 and 6.2.15.20 for incidental ingestion of soil a d  

dennal contact with soil. 

Hypohetical Sitc Residents (him? Lond Use) 

ILCR estimated for the incidental ingestion pathway was 1E-5. Arsenic and BEQs were the 

primary contributors to ICLR. HIS estimated for this pathway were 0.1 and 1 for the adult and 

child scenarios, respectively, and arsenic and vanadium accounted for most of the hazard 

estimated for the ingestion exposure pathway. 



Final RCRA Facility lnv&gmMon Rqort for Dne H 
N A W E  Charleston 
Sm'on 6: h e l i n e  Risk Assessmtnt 
July 5, 1996 

ILCR estimated for the dennal contact pathway was 4E-6. BEQs, arsenic, and n-nitroso-di-n- 

propylamine were primary contributors to ICLR. HIS estimated for this pathway were 0.03 and 

0.6 for the adult and child scenarios, respectively. 

Hypothetical Site WorRers (current land use) 

E R  estimated for the ingestion pathway was 2E-6 and the HI was estimated to be 0.06. 

Arsenic and BEQs were the primary contributors to ICLR. The dermal contact pathway ILCR 

was estimated to be lEX, and the HI was estimated to be 0.03. BEQs, arsenic, and n-nitroso- 

di-n-propylaxnine were primary contributors to ILCR. Arsenic and vanadium accounted for most 

of the h d  estimated for the ingestion exposure pathway. 

Groundwater 

Of the CPSSs eliminated from formal assessment, none was reported at concentrations within 

approximately 10% of the RBC, reducing the likelihood of potentially significant cumulative 

risk/hazard with respect to the eliminated CPSSs. 

CDIs calculated based on CT exposure to shallow groundwater are presented in Table 6.2.15.2 1. 

Risk and hazard based on CT are presented in Tables 6.2.15.22 and 6.2.15.23 for ingestion and 

inhalation of COPCs identified in shallow groundwater. 

Hypothetical Site Residents ('htn Land Use) 

ILCR estimated for the ingestion of shallow groundwater was 8E-6, The only contributor to 

ILCR was vinyl chloride. Vinyl chloride and chioromethane were also assessed for inhalation 

exposure and inhalation ILCR was estimated to be 1E-6. The hazard indices for ingestion and 

inhalation pathways were below 0.0 1. 
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Table 6.2.15.7 
Exposure Pathway Summary - AOC 666 

Naval B ~ s e  Chnrhton 
~ ~ n ,  South Caroha 

Potentially Exposed Medium nnd Exposure Pathway Selected 
Populatiw Pathmy for Evaluation? RtYon for Stkction or &clusion 

Current Land Uses 

Current Site Air. Inhnlrtion of gaseous No No significant VOC concentrations were 
UserdMaintenance c o ~ t s  emanating idenlifkd at this site based on the screening 

from soil comparisons used to develop the list of 
COPCs. 

Air, Inhalation of 
chemicals entrained in 
fugitive dust 

SMlow groundwater. 
Ingestion of contaminants 
during potable or general 
use 

Exposure to dust generated by site users 
traversing iite area would be minimized by 
paved Podlor vegetated soils. 

Shallow groundwater is not currently used 
as a mum of potable or non-residential 
water at AOC 666. 

Shallow groundwater, No W o w  groundwater is not currently used 
lnhalation of volatilized as a source of potable or non-residential 
shallow groundwater water at AOC 666. 
contaminants 

Soil, Incidental ingestion No (Qualified) Fume land use assessment is considered to 
be protective of current receptors. 

Soil. Dermal contact No (Qualified) Future land use assessment is ansidered to 
be protective of cumat receptors. 

Future Land Uses 

Future Site Air, Inhalation of gaseous No No significant VOC concentntions were 
Residents (Child contaminants emanating identified at this site based on tbe screening 
and Adult) and from soil comparisons used to develop the list of 
Future Site Worker COPCs. 

Air, Inhrhtion of 
chemicals entrained in 
fugitive dust 

Shallow groundwater, 
ingestion of contaminants 
during potable or general 
use 

Shallow groundwater, 
Inhalation of volatilized 
contaminants during 
domestic use 

Soil, Incidental ingation 

No 

Yes 

Yes 

Yes 

Exposurc to dust generated by site users 
traversing the area would be minimized by 
paved andlor vegetated soils. 

CPSSs were greater than RBC and 
Reference concentrations. 

VOCs were identified at L i s  site based on 
the screening comparisons used to develop 
the list of COPCs. 

Cumnt soil condirims were assessed for 
the hypo&& residential md site worker 
scenarios. However, any future 
construction activities would likely include 
clean soil b e i i  placed on top of current 
surface soils. 



Tnbk 6.2.15.7 
Exposure Pathways Sumrmvy - AOC 666 

Nnvsl Base Charleaton 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway SeleeM 
Population Pathway for Evaluatioal Reason for Sekxtion or Exchdin 

Soil, Dermal contact Yes Current soil conditions were assessed for 
the hypothetical residential scenario. 
However, any hrmre construction activities 
would likely include clean soil being placed 
on top of cumnt surface soils. 

Wild gnme or domestic No Huntinglakq of game and/or raising 
a n h k ,  Ingestion of livestock is prohibited within the 
tissue imppcted by media Charleston, South Carolina city hits. 
contamhation 

Fruirs and vegetables, No Tbe potential for significant exposure via 
Ingestion of plant tissues this pathway is low relative to that of other 
grown in media exposwe pathways assessed. 
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6.2.16 Baseline Risk Assessment for AOC 667 and SWMU 138 

6.2.16.1 Site Background and Investigative Approach 

AOC 667 and SWMU 138 were investigated to assess soil and groundwater potentially affected 

by site activities. These sites were combined for investigation because of their proximity. 

AOC 667 encompasses a vehicle maintenance area with an oil-water separator. SWMU 138 is 

an SAA used to temporarily store hazardous waste in 55-gallon drums, Full drums are 

immediately transferred to a permitted hazardous waste storage facility. Seven surface soil 

samples (four at AOC 667 and three at SWMU 138) were collected. Table 6.2.16.1 lists each 

surface soil sample designation artd analytical methods used. Groundwater samples were 

collected from two shallow monitoring wells and analyzed for a similar list of parameters. First- 

and second-quarter groundwater data were & as the basis for this HHRA. 

6.2.16.2 COPC IdenMcation 

Soil 

Surface soil data and screening values used in the screening comparison for AOC 667 and 

SWMU 138 soil are summarized in Table 6.2.16.4. As shown in the table, cPAHs (as BEQs) 

were the only identified soil COPCs. No additional COPCs were identified from the Wilcoxon 

rank sum test background comparisons of inorganic CPSSs exceeding their corresponding 

risk-based scree* values. Therefore, surface soil was formally assessed considering BEQs. 

TPH was identified in both surface soil samples analyzed at concentrations ranging between 200 

and 1,800 mg/kg. These concentrations exceed the NAVBASE soil AL level of 100 mg/kg. 

Groundwater 

Shallow groundwater data and screening values used in the screening comparisons for AOC 667 

and SWMU 138 groundwater are summarized in Tables 6.2.16.5 and 6.2.16.6 for first- and 

second-quarter results, respectively. No groundwater COPCs were identified based on fmt- or 

second-quarter sampling results. No additional COPCs were identified from Wilcoxon rank sum 

test background comparisons of inorganic CPSSs exceeding their corresponding risk-based 

screening values. 
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6.2.16.3 Exposure Assessment 

Exposure Setting 

The exposure setting at combined AOC 667 and SWMU 138 is currently an automobile, truck 

and heavy-equipment maintenance facility and hazardous waste SAA. AOC 667 is a two-story 

brick building (Building 1776) and the area immediately around it, including a 550-gallon 

portable storage tank for waste oil and an oil-water separator. Numerous oil stains suggest past 

surface releases. 

SWMU 138 is an SAA within 50 feet of the maintenance facility. The SAA stores hazardous 

wastes in 55-gallon drums which are immediately transferred to a permitted hazardous waste 

storage facility when full. 

These sites are to remain commercial/industrial. AUC 667 and SWMU 138 are an area 

proposed to become an intermodal railyard and marine industrial park under current base reuse 

plans. 

Potentially Expused Populations 

Potentially exposed populations include current and future site workers as well as hypothetical 

future site residents. Because many traditional activities at NAVBASE have ceased or are 

expected to cease in the near future, current site workers were not specifically addressed in the 

formal assessment. Due to the lack of specific knowledge regarding the functions that will be 

performed by future site workers, a standard default scenario was developed for these 

individuals. A similar approach was applied for future site residents. 

Exposure Pathways 

Exposure pathways for future site workers and site residents were formulated based on an 

evaluation of the impacted media identified at AOC 667 and SWMU 138. Relative to the soil 

matrix, incidental ingestion and dermal contact were considered as viable exposure pathways. 
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Groundwater exposure pathways were not considered because no COPCs were identified. 

Uniform expome was assumed for all sample locations. Table 6.2.16.7 presents the exposure 

pathway selection process and justifies for each pathway evaluated. 

Exposure Point Concentrations 

At AOC 667 and SWMU 138, fewer than 10 samples were collected from each potential 

exposure medium. As a result, the maximum concentration of each COPC identified in soil was 

used as the EPC. BEQs were detected in only one of seven surface soil samples collected 

(138S8003) at a concentration of 0.174 mgfkg. This sample was collected directly beneath an 

asphalt parking lot. Samples from around 138SB003 did not contain detectable concentrations 

of these COPCs. As a result, it was considered appropriate to derive an FI/FC accounting for 

the limited areal extent of the in surface soil contaminants. This factor was conservatively 

estimated to be 0.2, indicating that the maximum concentrations reported were representative 

of soil quality of 20% of the potential exposure area. This factor was used to adjust the EPC 

for these COPCs. 

QuaaM~cation of Exposure 

Soil 

Tables 6.2.16.8 and 6.2.16.9 present the CDIs for the ingestion and dermal contact pathways, 

respectively. 

6.2.16.4 ToxicityAssesament 

A reference dose was not available for BEQs. Ekause all cPAHs were converted and combined 

in the form of BEQs, the BAP SFo of 7.3 (mglkg-day)-1 was applied. A brief toxicological 

profile for cPAHs follows. 
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P o E y c u o ~  Wyhcurbons include the following COPCs: 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

Dibenz(a, h)anthracene 

Benzo(k) fluoranthene 

Bem(a)py- 

Indeno(l,2,3-cd)pyrene 

Chrysene 

TEE: 0.1 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

TEF 0.001 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the 

PAHs above have not been wellestablished. There are no RfDs for the PAHs above due to a 

lack of data. All P M s  listed above are classified by USEPA as B2 carcinogens, and their 

carcinogenicity is addressed relative to that of BAP, having an oral SF of 7.3 (mg/kg-day)-1. 

TEFs, also set by USEPA, are multipliers that are applied to the detected concentrations, which 

are subsequently used to calculate excess cancer risk. Most carcinogenic PAHs have been 

classified as such due to animal studies using large doses of purified PAIfs. There is some 

doubt as to the validity of these listings, and the SFs listed in USEPA's RBC table are 

provisional. However, these PAHs are carcinogens when the exposure involves a mixture of 

other carcinogenic substances (e.g., coal tar, soot, cigarette smoke, etc.). As listed in IRIS 

(search date 6/28/95), the B2 classification is based on insufficient human data specifically 

linking BAP to a carcinogenic effect. However, multiple animal studies in many species 

demonstrate BAP to be carcinogenic following administration by numerous routes. 

BAP has produced positive results in numerous genotoxicity assays. At the June 1992 CRAVE 

Work Group meeting, a revised risk estimate for BAP was verified. This section provides 

information on three aspects of the carcinogenic risk assessment for the agent in question; the 

USEPA classification, and quantitative estimates of exposure. The classification reflects a 
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weight-of-evidence judgment of the likelihood that the agent is a human carcinogen. The 

quantitative risk estimates are presented in application of a low-dose extrapolation pmcedwe and 

presented as the risk per (mglkg-day). The unit risk is the quantitative estimate in terms of 

either risk per pglL drinking water or risk per pgIm3 air breathed. The third form in which risk 

is presented is drinking water or air concentration providing cancer risks of 1 in 10,000 or 1 in 

1 million. The Carcinogenicity Background Document provides details on the carcinogenicity 

values found in IRIS. Users are referred to the Oral Reference Dose and Reference 

Concentration sections for information on long-term toxic effects other than carcinogenicity. 

As listed in IRIS, the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 classification is based 

on no human data and sufficient data from animal bioassays. Benzo(b)fluoranthene produced 

tumors in mice after lung implantation, intrapxitoned or subcutaneous injection, and skin 

painting. Benzo(a)anthracene produced tumors in mice exposed by gavage; intraperitoneal, 

subcutaneous, or intramuscular injection; and topical application. Benzo(a)anthracene produced 

mutations in bacteria and in mammalian cells, and transformed mammalian cells in culture. 

Benzo(k)fluoranthene produced tumors after lung implantation in mice and when administered 

with a promoting agent in skin-painting studies. EquivocaI results have been found in a lung 

adenoma assay in mice. Benzo(k)fluoranthene is mutagenic in bacteria (Klaassen et al., 1986). 

Other PAHs - those not classified by USEPA as carcinogens - are toxic to the liver, kidney 

and blood. This group of PAHs includes compounds such as p y m e ,  ucenaphthene, 

acenaphthylene, benzo(g, h,i)petylene, and phenanthrene. USEPA determined RfDs for only 

two of these compounds: pyrene's RfD, of 0.03 mglkg-day, is also used as a surrogate RfDo 

for phenanthrene. The RfD, for acenaphthene was determined to be 0.06 mglkg-day. 

6.2.16.5 Risk Characterization 

Surface Soil Exposure Pathways 

Exposure to surface soil onsite was evaluated under both residential and industrial (site worker) 

land use scenarios. For these scenarios, the incidental ingestion and dermal contact exposure 
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pathways were considered. For noncarcinogenic chemicals evaluated for future site residents, 

hazard quotients were computed separately to address children and adults. Tables 6.2.16.10 and 

6.2.16.1 1 present the computed carcinogenic risk and noncarcinogenic HQs associated with the 

incidental ingestion and dermal contact with surface soil, respectively. 

fiture Site Residents 

The projected ingestion related ILCR from surface soil was 4E-7, and the dermal pathway risk 

was 2E-7. BEQs were the only contributors for both pathways. No reference dose is available 

for BAP; thus, no HQs were computed. 

M r e  Site Waders 

The projected ingestion related ILCR from surface soil was 4E-8, and the dermal pathway risk 

was 7E-8. BEQs were the only contributors for both pathways. No reference dose is available 

for BAP; thus, no HQs were computed. 

Because site worker risk projections did not exceed the most conservative 1E-6 point of 

departure assuming that all surface soil was accessible for contact exposure the influences of site 

features were not formally assessed. It should be noted, however, that 75% to 80% of the 

surface area at SWMU 138lAOC 667 is paved, precluding exposure to underlying soil if features 

remain intact. 

COCs Idenaed 

COCs were ideflied based on soil pathway risk and hazard projected for the site. BEQs were 

the only COCs in AOC 667 and SWMU 138. USEPA has established a generally acceptable 

risk range of 1E4 to 1E-6, and a hazard threshold of 1.0 (unity). In this HHRA, a COC was 

considered to be any chemical contributing to a cumulative risk level of 1E6 or greater andlor 

an HI above 1 .O, if its individual ILCR exceeds 1E-6 or its HQ exceeds 0.1. For carcinogens, 

this approach is comparatively conservative because USEPA Region IV recommends a 
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cumulative risk Ievel of 1E-4 (and individual ILCR of 1E-6) as the trigger for establishing 

COCs. The COC selection method algorithm more comprehensively evaluates chemicals 

contributing to carcinogenic risk or noncarcinogenic hazard during the RGO development 

process. 

Surface Soil 

Hypothetical Sire Residents 

No COCs were identifled for this scenario based on the sum ILCR and HI. 

Hypotheticd Site Workem 

No COCs were identified for this scenario based on the sum ILCR and HI. 

6.2.16.6 Risk Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by 

USEPA Region IV when assessing potential future and current exposure. The exposure 

assumptions made in the site worker scenario are highly protective and would tend to 

overestimate exposure. Under current site use conditions, workers are infrequently exposed to 

surface soil when walking across the site, using the buildings and parking lot, or mowing the 

grass. In addition, approximately 75% to 80% of the surface area is asphalt pavement. Site 

workers would not be expected to work onsite in contact with affected media for eight hours per 

day, 250 days per year as assumed in the exposure assessment. In fact, if site features are 

maintained under the reuse plan, the asphalt parking surface will prevent onsite worker exposure 

to &ace soil. 

Residential use of the site would not be expected, based on current uses and the nature of 

s m o ~ g  buildings. Current plans call for continued use as nonresidential maintenance 
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building, parking lot, and storage sheds. If this area was used as a residential site, the 

buildings would be demolished, and the surface soil conditions would likely change. 

Consequently, exposure to current surface soil conditions would not be likely under a true future 

residential scenario. These factors indicate that exposure pathways assessed in this HHRA 

would generally overestimate the risk and hazard posed to current site workers and future site 

residents. 

Detenninahn of Exposure Point Concentmtions 

Because there were fewer than 10 surface soil samples, all EPCs used for this site are the 

maximum concentrations reported for respective COPCs. The surface soil EPCs were modified 

(where appropriate) to account for the reasonable FI/FC from the contamhated source. Risk 

values for shallow groundwater that are based on maximum concentrations are likely to be 

overestimates. 

frequency of Detection arul Spatial Distribution 

BEQs were detected in only one of seven soil samples (sample 138SB003). This limited areal 

extent was used to derive the FI/FC factor discussed in above. The only BEQ hits were 

J-qualified; therefore, confidence in the quautitation is relatively low. 

Elevated TPH results (200 to 1800 mgikg) were reported in soil onsite. No groundwater sample 

contained detectable concentrations of TPH, indicating that the shallow aquifer is sufficiently 

protected d e r  current conditions with respect to soil-to-groundwater cross-media transport of 

TPH constituents. These TPH concentrations exceed the NAVBASE soil AL 100 mg/kg. 

Quantification of RisWHazard 

As indicated by the discussions above, the uncertainty inherent in the risk assessment process 

is great. In addition, many site-specific factors have affected the uncertainty of this assessment 

tbat would upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of 

uncertainty are discussed below. 
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Soil 

Of the CPSSs screened and eliminated from formal assessment because they did not exceed the 

corresponding RBCs, none was reported at a concentration within 10% of its RBC. This 

reduces the likelihood of potentially significant cumulative risk/- based on the eliminated 

CPSSs. Concentrations of arsenic, beryllium, and chromium exceeded their corresponding 

RBCs, but maximum concentrations of these elements did not exceed the corresponding 

reference concentrations. They were eliminated from f o n d  assessment based on comparisons 

to the reference concentrations because they did not contribute to excess riskfhazard at the site. 

The sample in which BEQs were detected was from beneath an asphalt covered lot. BAP and 

other cPMs are constituents of asphalt and their presence is not necessarily attributable to past 

or current site operation. 

Both the worker and residential exposure scenarios were assessed in this HHRA. As previously 

discussed, these scenarios would likely lead to overestimates of risk andlor hazard. A map was 

not produced for this site. 

The CT assumption for residential exposure duration is nine years compared to the 30-year 

assumption for RME. If all other exposure assumptions remain fned, application of the CT 

exposure duration would result in risk projections 66% below the RME. At CT, the surface 

soil-related risk (incidental ingestion and d e d  contact) would fall well below the 1E-6 point 

of departure. 

Groundwater 

No COPCs were identified for this exposure pathway on the screening comparisons described 

in Section 6.1.3.4 of this report. Of the CPSSs screened and eliminated from formal 

assessment, none was reported at a concentration close to its corresponding RBC, reducing the 

Iikelihood of potentially significant cumulative risldhazaml with respect to the eliminated CPSSs. 
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6.2.16.7 Risk Summary 

The risk and hazard posed by contamhunts at AOC 667 and SWMU 138 were assessed for the 

hypothetical RME site worker and the hypothetical future site resident. In surface soil, the 

incidental ingestion and dermal contact pathways were assessed in this HHRA. Table 6.2.16.12 - 

summarizes risk for the combined incidental ingestion and dermal pathways for AOC 667 and 

SWMU 138. 

6.2.16.8 Remedial Goal Options 

Soil 

No RGO were calculated because no soil pathway CUCs were identified. 
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Table 63.16.7 
Ehposure Pathways Summpry - AOC 667 

Naval Base Charleston 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
Population Pathway for Evaluation? Reason for Selection or Exclusion 

Soil, Dermal contact 

Wild game or domestic 
animals, Iugestion of 
tissue impacted by media 
contamination 

Fruits and vegetables, 
Ingestion of plant tissues 
grown in media 

-- -- - - . 

Yes Current soil conditions were assessed for 
the hypothetical residential scenario. 
However, any future construction activities 
would likely include clun soil being placed 
on top of current surface soils. 

No Huntingltnki of game andlor raising 
livestock is prohibited within the 
Charleston, South Carolina city limits. 

No The potential for significant exposure via 
this pathway is low relative to that of other 
exposure pathways assessed. 
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6.2.17 Baseline Risk Assessment for Other Impacted Areas 

6.2.17.1 Site Background and Investigative Approach 

Section 4, Nature of Contamination, discusses the grid-based reference location sampling effort. 

It describes three areas where significant surface soil impacts were noted in grid samples. The 

three areas are located around grid soil sample locations GDHSENM7, GDHSW38 and 

GDHSBO8O. The following paragraphs discuss the original samples as well as supplemental 

samples collected to delineate soil impacts. Preliminary risk assessments were based on the 

available data for each area, although no past or current RCRA units are known to be close by. 

Due to the similarities in c o n ~ t s  between impacted grid locations, their risk assessment 

presentations are combined here. 

Grid location GDHSBO(M (G07) is at the west entrance to the Building 644 parking lot in a 

grassy apron along Dyess Avenue. Aroclor-1260 and BEQs were present in the sample at 

concentrations above regulatory action limits, Based on these findings, two additional surface 

soil samples (G07SMO101 and G07SBOO201) were collected and analyzed. Table 6.2.17.1 lists 

each surface soil designation and the analytical methods used. Groundwater was not sampled 

at this site. 

Grid location GDHSB038 (G38) is approximately 70 feet southeast of Building NS-84 adjacent 

to the associated parking lot. Aroclor-1260 and BEQs were present in the sample at 

concentrations above regulatory action limits. Based on these findings, three additional surface 

soil samples (G38SB00101, G38SBOM01, and G38SB00301) were collected and analyzed. 

Table 6.2.17.2 lists each surface soil designation and the analyticaI methods used. Groundwater 

was not sampled at this site. 

Grid location GDHSB080 (G80) is located along the west edge of Building NS38. As discussed 

in Section 4, deep soil impacts were noted in a sample collected during the installation of grid 

monitoring well NEKHGDHMD. A sample collected from 7 feet deep, ia the monitoring well 
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boring, contained semivolatile compo~~~Is .  Sample GDHSB080 also contained BEQs at 

concentrations exceeding the residential RBC. In response to the findings from the monitoring 

well boring, four supplemental surface soil locations were sampled and analyzed. These samples 

were G80SB00101, G80SB00201 and G80SB00301. Table 6.2.17.3 lists each surface soil 

designation and the analytical methods used. Groundwater was not sampled at this site. 

6.2.17.2 COPC Identification 

Soil 

Surface soil data and screening values used in the screening comparison for (307, G38, and G8O 

are provided in Tables 6.2.17.4, 6.2.17.5 and 6.2.17.6. Due to the nature of the areas under 

investigation, supplemental sample analyses were restricted to methods required to detect 

con taminants at elevated concentrations in the original impacted grid samples. 

In areas GO7 and G38, Aroclor-1260 and BEQs were identified as COPCs. At area G80, only 

BEQs were COPCs. 

6.2.17.3 Exposure Assessment 

Exposure Setting 

The most prominent features at locations GO7 and G38 are the parking areas and Dyess Avenue. 

Very little land is unpaved in these areas, and each sample was collected adjacent to or through 

asphalt. 

Near location G80, Building NS38 (former barracks) is the most prominent feature. 

Osprey Street runs west of G80 and Hobson Avenue runs north of NS38. In addition to 

roadways, numerous sidewalks cross the expanded grid location investigative area. 

The future use of the areas in question is not defmittive; however, it is anticipated that each will 

serve a commercial/industriaI purpose. A marine cargo terminal is proposed for most of the 

north section of Zone H in current base reuse plans. 
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Potentially Exposed Populations 

Potentially exposed populations include current and future site workers as well as hypothetical 

future site residents. Because many traditional activities at NAVBASE have ceased or are 

expected to cease in the near future, current site workers were not specifically addressed in the 

formal assessment. Due to the lack of specific knowledge regarding the functions that will be 

performed by future site workers, a standard default scenario was developed for these 

individuals. A similar approach was applied for future site residents. 

Expomrre mthways 

Exposure pathways for funm site workers and site residents were based on an evaluation of the 

impacted media identified at locations G07, G38, and G80. Relative to the soil matrix, 

incidental ingestion and dermal contact were considered viable exposure pathways. Groundwater 

exposure pathways were not considered for these areas. Unifonn exposure was assumed for all 

sample locations in the standard assessment. The influences of existing features on the potential 

for exposure are discussed where appropriate. Table 6.2.17.7 presents the exposure pathway 

selection process and justifications for each of the pathways evaluated. 

Exposure Point Concentrations 

Due to the limited sampling in each area, the maximum concentrations of each COPC were 

applied as the EPCs on a preliminary basis. In some instames, con taminant extent has not been 

fully achieved. Because no source of contamination has been reported or confirmed in the areas 

described, supplemental sampling was not focused on any specific area; delineation sampling 

requirements for affected areas could not be accurately predicted. 

At 0 7 ,  significantly elevated concentrations of Aroclor-1260 were reported in supplemental 

sample G07SB00101. As shown in Section 4, the detection of Aroclor-1260 in this sample 

indicates that the southern and western extent of the impacted area have not been defined. It is 

not certain whether defmition of impacts was achieved at area G38. The western extent was 
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apparently bounded by sample G38SB0020 1, but appreciable concentrations of Aroclor- 1260 

were detected in samples collected north and south of the original grid location. The western 

and southern extent of BEQs impacts were defiraed by supplemental sampling at location G8O. 

Concentrations in exceeding residential RBC were, however, detected north of GDHSB080 in 

sample GSOSB00301 and east of Building NS38 in sample G80SB00401, although the 

exceedances were relatively slight. 

Because the extent of &ace soil impacts is not fully characterized, the exposure quantification 

and resultant risk/bazard results should be considered prelimmy. It wilI be imperative to 

identifj potential sources and achieve adequate delineation of each affected area before more 

defmitive conclusions can be dram. 

Quantification of Exposure 

soil 

Tables 6.2.17.8 and 6.2.17.9 present the CDI for the ingestion and dermal contact pathways, 

at location G07. Tables 6.2.17.10 and 6.2.17.1 1 present the CDI for the ingestion and dermal 

contact pathways, respectively, at location G38. Tables 6.2.17.12 and 6.2.17.13 present the 

CDI for the ingestion and dermal contact pathways, respectively, at location GSO. 

6.2.17.4 ToxicityAssessment 

Aroclor-1260 and BEQs were identified as the only surface soil COPCs at impacted grid 

sampling locations. Table 6.2.17.14 presents toxicological values (slope factors and reference 

doses) used to project risklhazard based on computed CDI as well as discussions of the potential 

toxic effects and target organs for each. The following paragraphs present the brief toxicological 

profiles for each COPC. 
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P o Z y m d c  hydn,cmbons include the following COPCs: 

Benzo(a)anthracene 

Benzo(b) fluoranthem 

Dibenz(a, h)anthracene 

BenzoQfluoranthene 

Benzo(a)p yrene 

Indeno(l,2,3 -cd)pyrene 

Chrysene 

TEF 0.1 

TEF 0.1 

TEF 1.0 

TEF 0.01 

TEF 1.0 

TEF 0.1 

TEF 0.001 

Some PAHs are toxic to the liver, kidney, and blood. However, the toxic effects of the PAHs 

above have not been well established. There are no RfDs for the PAHs above due to a lack of 

data. AU PAHs listed above are classified by USEPA as B2 carcinogens, and their 

carcinogenicity is addressed relative to that of BAP, having an oral SF of 7.3 (mg/kg-day)-1. 

TEFs also set by USEPA, are multipliers that are applied to the detected concentrations, which 

are subsequently used to calculate excess cancer risk. These multipliers are discussed further 

in the exposure and toxicity assessment sections. Most carcinogenic PAHs have been classified 

as such due to animal studies using large doses of purified PAHs. There is some doubt as to 

the validity of these listings, and the SFs listed in USEPA's RBC Table are provisional. 

However, these PAHs are carcinogens when the exposure involves a mixture of other 

carcinogenic substances (e. g., coal tar, soot, cigarette smoke, etc .) . As listed in IRIS, (search 

date 6/28/95), the basis for the BAP B2 classification is human data specifically linking BAP to 

a carcinogenic effect are lacking. There are, however, multiple animal studies in many species 

demonstrating BAP to be carcinogenic following administration by numerous routes. 

BAP has produced positive results in numerous gemtoxicity assays. At the June 1992 CRAVE 

Work Group meeting, a revised risk estimate for BAP was verified. This section provides 

information on three aspects of the carcinogenic risk assessment for the agent in question: the 
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USEPA classification and quantitative estimates of exposure. The classification reflects a 

weight-ofevidence judgment of the likelihood that the agent is a human carcinogen. The 

quantitative risk estimates are presented in application of a lowdose extrapolation procedure and 

presented as the risk per mglkgday. The unit risk is the quantitative estimate in terms of either 

risk per pg/L drinking water or risk per pg/m3 air breathed. The third form in which risk is 

presented is drinking water or air concentration providing cancer risks of 1 in 10,000 or 1 in 1 

million. The Carcinogenicity Background Document details the carcinogenicity values found in 

IRIS. Users are referred to the Oral Reference Dose and Reference Concentration sections for 

information on long-term toxic effects other than carcinogenicity. As listed in IRIS (search date 

6/28/95), the basis for the dibenz(a,h)anthracene and benzo(b)fluoranthene B2 classification is 

no human data and sufficient data from animal bioassays. Benzo(b)fluoranthene produced 

tumors in mice after lung implantation, intraperitoneal or subcutaneous injection, and skin 

painting. 

As fisted in IRIS, the basis for the BAP B2 classification is no human data and sufficient data 

from animal bioassays. BAP produced tumors in mice exposed by gavage; intraperitoneal, 

subcutaneous or intramuscular injection; and topical application. BAP produced mutations in 

bacteria and in mammalian cells, and transformed mammalian cells in culture. As listed in IRIS, 

the basis for the benzo(k)fluoranthene B2 classification is no human data and sufficient data from 

animal bioassays. Benzo(k)fluoranthene produced tumors after lung implantation in mice and 

when administered with a promoting agent in skin-painting studies. Equivocal results have been 

found in a lung adenorna assay in mice. BenzoQfluoranthene mutates in bacteria. (Klaassen 

et al., 1986). 

Other PAHs - those not classified by USEPA as carcinogens - are toxic to the liver, kidney 

and blood. This group of PAHs includes compounds such as pyrene, acenaphthene, 

acenaphthylene, benm(g, h, i)peiylene, and phenanthrene. USEPA determined RfDs for only 

two of these compounds: pyrene's IUD, of 0.03 mglkg-day, is also used as a surrogate RfD, 

for phemthrene. The RfD, for acenaphthene was determined to be 0.06 mg/kg-day. 
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PCB Aroclors are a group of chlorinated hydrocarbons (such as Aroclor-1248,1254, and 1260) 

that accumulate in fat tissue. Occupational exposure (both inhalation and dennal) to PCBs 

causes eye and lung irritation, loss of appetite, liver enlargement, increased serum liver enzyme 

levels, rashes and chioracne, and decreased birth weight of infants in heavily exposed 

workerlmothers. Of the effects listed above, the liver is the primary target organ (Klaassen 

et al., 1986; Dreisbach et al., 1987). USEPA classified PCB Aroclors as group B2 carcinogens, 

primarily based on animal data. As listed in IRIS, the basis for the classification is 

hepatocellular carcinomas in three strains of rats and two strains of mice and inadequate yet 

suggestive evidence of excess risk of liver cancer in humans by ingestion and inhalation or 

dermal contact. Oral ingestion of PCBs causes liver and stomach tumors in rat studies. USEPA 

set 7.7 (mglkg-day)-1 as the SF, for PCB Aroclors, and oral RfDs have been set at 

0 . 0 7  mgfkg-day for Aroclor- 1016 and 0.00002 mglkg-day for Aroclor- 1254. 

6.2.17.5 Risk Characterization 

Surface Soil Exposure Pathways 

Exposure to surface soil onsite was evaluated under both residential and industrial (site worker) 

land use scenarios. For these scenarios, the incidental ingestion and dermal contact exposure 

pathways were considered. For noncarcinogenic chemicals evaluated for future site residents, 

HQs were computed separately to address children and adults. Tables 6.2.17.15 through 

6.2.17.20 present the computed carcinogenic risk and noncarcinogenic HQs associated with the 

incidental ingestion and dermal contact with surface soil for impacted grid sampling locations 

G07, G38 and G80. 

Impacted Area GO7 

FZIture Site Residents 

The projected ingestion-related ILCR from surface soil was 4E-5 and the dennal pathway risk 

was 2E-5. ArocIor-1260 accounts for more than 90% of the projected risk for both pathways, 

and BEQs contributed the remainder. Nonwcinogenic, hazard was not projected for either 

compound, because no toxicological reference doses are available. 
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&re Site Workers 

The projected ingestion-related ILCR from surface soil was 4E-6 and the dermal pathway risk 

was 7E-6. Aroclor-1260 accounts for more than 90% of the projected risk for both pathways, 

and BEQs contributed the remainder. Noncarcinogenic hazard was not projected for either 

compound, because no toxicological reference doses are available. 

The maximum ArocIor- 1260 and BEQs were reported in the original grid sample. As mentioned 

earlier, this sample was collected in a grass-covered road apron area adjacent to the Building 644 

parking lot. Although no existing site feature would serve to preclude soil contact, the 

frequency of contact would be restricted by location. It is most likely that the individuals subject 

to the most frequent exposure would be engaged in lawn maintenance activities. It was noted 

earlier that the full extent of soil impacts has not been determined. The presence of 

Aroclor-1260 or BEQs in areas immediately surrounding impacted sampling locations would not 

significantly affect direct contact exposure potential. If the existing asphalt surfaces remain 

intact under future site uses, any currently inaccessible impacted surface soil would not add to 

the computed CDIs. 

Impacted Area 638 

Future Site Residents 

The projected ingestion-related E R  from surface soil was 5E-5, and the dermal pathway risk 

was 2E-5. Aroclor-1260 accounts for more than 90% of the projected risk for both pathways, 

and BEQs contributed the remainder. Noncarcinogenic hazard was not projected for either 

compound, because no toxicological reference doses are available. 

Future Site Workem 

The projected ingestion-related ILCR from surface soil was 6E-6, and the dermal pathway risk 

was 9E-6. Aroclor-1260 accounts for more than 90% of the projected risk for both pathways, 

and BEQs contributed the remainder. Noncarcinogenic hazard was not projected for either 

compound, because no toxicological reference doses are available. 
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The maximum Aroclor-1260 and BEQs concentrations were reported in the original grid sample. 

This sample was collected in a grass<overed median adjacent to the Building NS-84 parking lot. 

Although no current site feature would preclude soil contact at this location, the frequency of 

contact would be restricted by location. It is most likely that the individuals subject to the most 

frequent exposure would be engaged in lawn maintenance activities. It was noted earlier that 

the fuIl extent of soil impacts has not been determined. The presence of Amlor-1260 or BEQs 

in areas immediately surrounding impacted sampling locations would not necessarily affect direct 

contact exposure potential. If the existing asphalt surfaces remain intact under future site uses, 

any currently inaccessible impacted surface soil east of the original sampling location would not 

add to the computed CDIs. Any exposed surface soil impacts west and south of GDHSB038 

could, however, influence exposure projections and thus resultant risWhazard estimates. 

Impacted Area 680 

&hire Site Residents 

The projected ingestion related U R  from surface soil was 3E6 and the dermal pathway risk 

was 1E-6. BEQs were the only contributors for both pathways. Noncarcinogenic hazard was 

not projected for BEQs because no toxicological reference dose is available. 

Future Site Worken 

The projected ingestion-related ILCR from surface soil was 3E-7 and the dennal pathway risk 

was 6E-7. BEQs were the only contributors for both pathways. Noncarcinogenic hazard was 

not projected for BEQs because no toxicological reference dose is available. 

Because site worker risk projections did not exfeed the most conservative 1E-6 point of 

departure assuming that all surface soil was accessible for contact exposure, w formal 

assessment was necessary, considering the influences of existing site features or FI/FC. The 

area in and around Building NS-38 and grid location GDHSB080 can be c h a r a c t e d  as bare 

ground, vegetated soil, and asphaltlcement surfaces. The samples in which BEQs were detected 
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lmpacted Area G38 

Hypohetical Site Residents 

Aroclor-1260 and BEQs were tentatively identifed as COCs for this scenario based on the sum 

ILCR. 

Hypothetical Site Workers 

Aroclor-1260 and BEQs were tentatively identified as COCs for this scenario based on the sum 

ILCR. 

Impacted Area G80 

Hypothetical Site Residents 

BEQs were tentatively identified as COCs for this scenario based on the sum ILCR. 

Hypothetical Site Workers 

No COCs were identified for tbis scenario based on the sum ILCR and HI. 

6.2.17.6 Rislic Uncertainty 

Characterization of Exposure Setting and Identification of Exposure Pathways 

The potential for high bias is introduced through the exposure setting and pathway selection due 

to the highly conservative assumptions (i.e., future residential use) recommended by 

USEPA Region IV when assessing potential future and current exposure. The exposure 

assumptions made in the site worker scenario are highly protective and would tend to 

overestimate exposure. Under current site use conditions, workers may be infrequently exposed 

to surface soil sampled during the RFI when walking across affected areas, or when engaged in 

lawn maintenance activities. Based on current operations, however, the potential for extended 

or typically defined chronic exposure is considered very low. 
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were collected close to two main thoroughfares in the northeast section of Zone H. The 

presence of BEQs in areas immediately surround'i impacted sampling locations would not 

necessarily affect direct contact exposure potential. If the existing asphalt surfaces remain intact 

under future site uses, any currently inaccessible impacted nuface soil east of the original 

sampling location would not add to the computed CDIs. 

COCs Identified 

Based on the evaluation of surface soil exposure pathways presented above, COCs were 

identified in surface soil at each impacted grid sampling location. USEPA has established a 

generally acceptable risk range of 1E-4 to 1E-6, iuad a hazard threshold of 1.0 (unity). In this 

HHRA, a COC was considered to be any chemical contributing to a cumulative risk level of 

1E-6 or greater a d o r  a hazard index above 1.0, if its individual ILCR exceeds 1E-6 or its 

hazard quotient exceeds 0.1. For carcinogens, this approach is comparatively conservative, 

because a cumulative risk level of lE-4 (and individual ILCR of 1E-6) is recommended by 

USEPA Region IV as the trigger for establishing COCs. The COC selection algorithm presented 

was used to provide a more comprehensive evaluation of chemicals contributing to carcinogenic 

risk or noncarcinogenic hazard during the remedial goal options development. Because soil was 

the only medium sampled in these areas, COC identification is limited. If the traditional 1E-4 

ILCR trigger were applied to risk projections for impacted grid sampling locations, no COCs 

would be identified. 

Impacted Area 607 

Hyptheficul Site Residents 

Aroclor-1260 and BEQs were tentatively identified as COCs for this scenario based on the sum 

ILCR. 

Hypotheticd Site Workers 

Aroclor-1260 was identified as a COC for this scenario based on the sum ILCR. 
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Residential use of the site would not be expected, based on current site uses and the nature of 

surrounding buildings. Current plans call for continued use of most parcels close to impacted 

grid sampling locations as nonresidential, specifically a marine cargo terminal. Building NS-38, 

next to G80, could serve as short-term to moderate-tenn housing for culinary students, according 

to some reports. 

To develop the site for residential purposes, the asphalt road and parking surfaces would be 

removed. There is a.high probability that the cPAHs detected in surface soil are associated with 

these materials. Consequently, exposure to current surface soil conditions would not be likely 

under a true future residential scenario. These factors indicate that exposure pathways assessed 

in this HHRA would generally overestimate the risk and hazard posed to current site workers 

and future site residents. 

Conditions do exist at impacted grid locations that could result in enhanced exposure potential 

if the parcel is developed for residential purposes. Because the extent of surface soil impacts 

have not been fully delineated, currently inaccessible and as yet unknown impacted &ace soil 

areas could be exposed when existing features (e.g . . roads, parking lots, buildings) are razed. 

If this happens, estimates of reasonable maximum exposure may be substantially influenced. 

Detenrunrunalhn of Exposure Point Concentrafions 

The maximum concentration reported for each COPC was conservatively applied as the exposure 

point concentration for each impacted grid sampling location. Based on cwrently available 

information, this approach was considered the most prudent means of providing an estimate of 

reasonable maximum exposure. 

Frequency of Detection and Spatial Dishibrrtion 

At location 07, Aroclor-1260 was detected in two of three samples and BEQs were detected 

in each sample. No detailed assessment of spatial distribution is possible because the extent of 
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surface soil impacts have not been fully delineated and the source of the identified con tamhiants 

is unknown. It can be concluded that BEQs were found in relatively low concentrations, ranging 

ftom below to 2.5 times the residential RBC. Asphalt surfaces close to each sampling location 

at GO7 are possible sources of these cPAHs in surface soil. 

At location G38, Aroclor-1260 was detected in two of four surface soil samples and BEQs were 

detected in one sample (G38SB00301). No detailed assessment of Aroclor-1260's spatial 

distribution is possible because the extent of fllrface soil impacts have not been fully delineated 

and the source is unknown. BEQs were detected in a sample collected next to the Building 

NS-84 parking lot. This asphalt surface is a possible source of these cPAHs in surface soil. 

BEQs were the only COCs identified in impacted grid area G80, and were detected in four of 

five samples. Concentrations reported were relatively low, ranging from 1.2 to 3 times the 

residential RBC. Asphalt surfaces close to each samphg location at G80 are possible sources 

of these cPAHs in surface soil. 

Quanmcation of RiWHazard 

As indicated by the discussions above, the uncertainty inherent in risk assessment is great. In 

addition, many site-specific factors have affected the uncertainty of this assessment that would 

upwardly bias the risk and hazard estimates. Exposure pathway-specific sources of uncertainty 

are discussed below. 

soil 

The samples in which BEQs were detected were from directly beneath or close to asphalt 

surfaces. Beozo(a)pyrene and other cPAHs are constituents of asphalt Pad their pnsenoe is not 

necessarily attributable to past or current site operation. 
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Although the future land use of the impacted grid sampling locations is unknown, both the 

worker and residential exposure scenarios were assessed in this HHRA. As previously 

discussed, these scenarios would likely lead to overestimates of risk and/or hazard. 

The central tendency assumption for residential exposure duration is 9 years compared to the 

30-year assumption for RME. The CT exposure frequency for residents is 234 dayslyear versus 

350 daysiyear under RME. CDI and resultant ILCR projections are linearly related to both 

exposure duration and fkpency assumptions. If all other exposure assumptions remain fixed, 

application of the CT exposure duration and frequency assumptions would r e d t  in risk 

projections 80% below the RME estimates. Worker CT assumptions for exposure duration and 

frequency are 5 years and 219 dayslyear as opposed to 25 years and 250 dayslyear at M E .  

Application of these worker assumptions fixing all other formula inputs results in risk projections 

more than 80% below the RME. The following paragraphs discuss the implications of 

CT assumptions on risk projections for each impacted grid sampling area. 

Impacted Area W7 

The cumulative RME U R  for future resident incidental ingestion and dermal contact soil 

pathways was computed to be 5E-5 at G07. Application of CT assumptions would result in a 

revised estimate of 1E-5. Additionally, benzo(a)pyrene equivalents would not be identified as 

COCs under CT conditions. For future site workers, the cumulative M E  ILCR for incidental 

ingestion and dermal contact soil pathways was computed to be 1E-5. Under CT conditions, the 

future worker ILCR was estimated at 2E-6. 

Impacted Area G38 

The cumulative RME ILCR for future resident incidental ingestion and dermal contact soil 

pathways was computed to be 8E-5 at G38. Application of CT assumptions would result in a 
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revised estimate of 2E-5. For future site workers, the cumulative RME ILCR for incidental 

ingestion and dermal contact soil pathways was computed to be 2&5. Under CT conditions, the 

future worker ILCR was estimated at 3E-6. 

Impacted Area G80 

The cumulative RME ILCR for future resident incidental ingestion and dermal contact soil 

pathways was computed to be 4E-6 at G8O. Application of CT assumptions would result in a 

revised estimate of 9E-7. This CT ILCR estimate is below the USEPA and SCDHEC 1E-6 

point of departure. As a result, no surface soil COCs would be identified under residential 

CT conditions. For future site workers, the cumulative RME ILCR for incidental ingestion and 

dennal contact soil pathways was computed to be 9E-7. This RME ILCR estimate is below the 

USEPA and SCDHEC 1E-6 point of departure. As a result, no d a c e  soil COCs would be 

identified under worker RME conditions. Under CT conditions, the future worker ILCR falls 

below the point of departure. 

6.2.17.7 Risk Summary 

The risk and hazard posed by contaminants at each impacted grid sampling location were 

assessed for the hypothetical RME site worker and the hypothetical future site resident. In 

surface soil, the incidental ingestion and dermal contact pathways were assessed in this HHRA. 

Table 6.2.17.21 summarizes risk for the combined incidental ingestion and dennal pathways for 

each area. 

6.2.17.8 Remedial Goal Options 

Soil 

The COCs identified at impacted grid sampling locations were relatively consistent. As a result, 

a single set of remedial goal options was calculated for the future site resident and workers based 

on the RME risk estimates for each receptor group presented in Section 6.2.18.5. Residential- 

scenario based RGOs are presented in Table 6.2.17.22. Worker-scenario based RGOs are 

presented in Table 6.2.17.23. 
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Table 6.2.17.7 
Exposure Pathways Summary - Other Impacted Areas 

Navd Base Charleston 
Charleston, South Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
Populntion Pnthway for Evaluntion? Reason for Selection or Exclusion 
-- - 

Current Land Uses 

Current Site Air, Inhalation of gaseous No Based on the COPCs identified in this BRA 
UserslMaintenmce contamhints emanating for other impacted areas. no significant 

from soil VOC concentrations were identified at this 
site. 

Air, Inhalation of 
chemicals entrained in 
fugitive dust 

Shallow groundwater, 
Ingestion of contaminants 
during potable or general 
use 

Exposure to dust generated by site users 
traversing the a m  would be minimized by 
paved and/or vegetated soils. 

Shallow groundwater is not currently used 
as a source of potable or non-residential 
water at other impacted areas. 

Shallow groundwater. No Shallow groundwater is not cumntly used 
Inhalation of volatilized as a source of potable or non-residential 
shallow groundwater water at other impacted areas. 
contaminants 

Soil. Incidental ingestion No (Qualified) Future land use assessment is considered to 
be protective of current receptors. 

Soil, D e d  contact No (Qualified) Future laad use assessment is considered to 
be protective of cumnt receptors. 

h t u r e  Land Uses 

Future Site Air, Inhalation of gaseous 
Residents (Child contaminants emanating 
and Adult) and from soil 
Future Site Worker 

Air. Inhalation of 
chemicals entrained in 
fugitive dust 

Shallow groundwater, 
Ingestion of contaminants 
during potable or general 
use 

Shallow groundwater. 
Inhalation of volatilized 
contaminants during 
domestic use 

No Based on the COPCs identified in this BRA 
for other impacted areas. no significant 
VOC concentrations were i d e d e d  at this 
site. 

Exposure to dust generated by site users 
traversing the area would be minimheti by 
paved andlor vegetated soils. 

Risk-based screening was performed on 
shallow groundwater data. No COPCs 
were identified at this site. Therefore, 
shallow groundwater was not addressed 
formally. 

Risk-based screening was performed on 
shallow groundwater data. No VOCs were 
identified as shallow groundwater COPCs 
at this site. 



Table 6.2.17.7 
Exposure Pathways Su- - Other Impacted Areas 

Naval Base Chnrleston 
Charleston, Soutb Carolina 

Potentially Exposed Medium and Exposure Pathway Selected 
Population Pathway for Evaluation? Reason for Selection or Exclusion 

Soil, Dermal contact Yes 

Soil, Incidental ingestion Yes Current soil conditions were assessed for 
the hypothetical residential and site worker 
scenarios. However, any h r e  
consauction activities wodd likely include 
clean soil being placed on top of current 
surface soils. 

Current soil conditions were assessed for 
the hypothetical residential scenario. 
However, any future construction activities 
would likely include clean soil being placed 
on top of current surface soils. 

Wild game or domestic 
animals. Ingestion of 
tissue impacted by media 
contamination 

Hunting/taking of game andlor raising 
livestock is prohibited within the 
Charleston, South Carolina city limits. 

Fruits and vegetables, No The potential for signiticant exposure via 
Ingestion of plant tissues this pathway is low relative to that of other 
grown in media exposure pathways assessed. 
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